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INTRODUCTION 
| TO THE TRUE 
ASTRONOMY: 


OR, 


ASTRONOMICAL LECTURES, 
| Read in the 


Aſtronomical School 


OF THE 
UNIVERSITY of OXFORD. 


and Pro Aſtronomy in that Univerſity, 


have Pleaſure therein, Pal. cx1, 2. 
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May it pleaſe your Gm Ar, 8 
FEED MONG all the Mathematical 
PIC Sciences which- have been con- 

pl tinually improved, and art 
daily improving in the World, 


the firſt Place has, as it were, 


by general Conſent, been akuays given to 
Aſtronomy, And fuch has been either the 


good Fortune of the Science, or the Firtue 
of Mankind, that the greateſt and moſt emt- 
nent Perſons in all Ages and Nations, have 
been Patrons and Encouragers of this Study 
U 
. A 2 MA 


1 


DE DIC AT ION. 


EBT 


TON — 2 2 129 r = * 


1 4 * i. pleaſe your Grace, i therefore, 
this Book into your Protection, . 
teuer may be wanting, either in the 
Tk or the Aut bor; to recommend it to 
your Favour, will abundantly be ſupph ed 


by the Dignity f tbe Subject. 


o R to, whom can J. ſo properly ſend a 
tiſe of the Stars oh ae 2 
> to a faithful and æcalbus Servant of that 
heavenly King, who knoweth the Number 
of the Stats, and calleth them by their 
Names? Ss "remarkable is your Gracy s Zeal 
for the Service and Honour of God, that 
you took particular Care to adarn his Houſe, 

before you wauld lay the Foundation of your 
own. Nor did youx Care extend only ta the 
Ornaments of the Temple, but likewiſe, and 
ectally, to the Decency of the Wor- 


1 
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more. ofþe 
ſhip. * You call'd Muſick in to excite Devo- 
tion; Mufick being the Delight and Em- 
plymens of ile . Choir. 


—— — — — —— — 


Nos, wp 13 are the publick aud 
fandin Mark of all Mens Admiratian, the 
beautiful 4 which all defire to imitate, 
tho' few can hope to equal. In ploy ck Af 
fairs, what Stateſman more ? II do- 

meſtical Manag — what private Man 

| more 1 ? , the coy ſtating one 
a xa 


F A TIE POIPER 


DEDICATION: 


exac keeping of Accompts, nobody more pra- 
= wrident, nobody-. more Tod In Expences, 
nobody more liberal: In Largeſſes, nobody 
| a Me Nee 


So great is your Affection to. Learning 
and the Learned, that while you make your- 
felf Maſter of every Art, you give Matter 
and Encouragement to every Artiſt. To the 
particular Science which is the Subject of 
this Book, your Grace is ſo eminent, ſo be- 
neficent a Patron, that in the ſtately and 
beautiful Structure of Cannons, Aſtrono- 
mers will find every Thing for the Improve- 
ment of their Knowledge ; Inſtruments worthy 
of the Science, and an Obſervatory worthy 
of its Lord, 


Tur Book I nom preſent is a Tranſla- 
tion of thoſe Aſtronomical Lectures, which 
were honoured with your Groce's Name at 
their firſts Publication, in the Language 
they were read in at the Univerſity of Ox- 
720 ford. The Verſion was made at the Requeſt, 
ad and for the Service of, the Fair Sex, and 
the particularly for the Service of the great 
Ze, Ornament of ber Sex, the Ducheſs of Chan- 
15 dos. It is no Flattery to the Ladies, to 
10 Jay, that ſuch of them as delight in Arts 
and Sciences, as to Quickneſs of Perception, 
ng and Delicacy of Taſte, are equal, if not 
1311 


Dipieirie pv. 
priivr, % Men ; and it is m Affront to 


Yhe ft refined of either Sex, 10 
vs not a finer Genius than my La I Duke, 


May every Star in Heaven ſhed its 
Linde Influence on both your Heads: And 
may you long continue to enjoy that Aﬀeuence, 
which, like the Rays of the Sun, ſcatters 
N Light and Warmth to all round you, 


- Tus, my Lon p, 7s a general Wiſh, 
'becauſe it is for the general Good of Man- 


kind, particularly of him who is, with the 
a Senſe of Gratitude, 


Your Grace $ 
Moſt faithful and 
Moſt bumble Servant, 


Jonx KEIL. 


L. 


. yo MONG Al the Gifts and I os 
moſt bountiful God has moſt plenti- 
203 fully beſtowed on Mankind, thoſe are 
x, FI) in 2 firſt Place valuable which conſt 
E In che Improvements of the Mind by 
Arts and Sciences. And as among the 
Scenes thele art none which Aſtronomy comes behind 
upon the *Accaunt of its Antiquity, and the Plea- 
ure that attends the Study of it, 2˙ it will yield to 
none of them on the Keeunt of its Uſefulneſs, and 
the Advantages it affords to human Life, By it we 
Uiſcover tht wonderful Harmony of Nature, hard 
with the Frame and Structure of all created Beings 
are linked and knit together, to i the great 


Machine of the Univerſe. my. teaches us to 


dbſerve and diſcover the rg of the heavenly 
Bodies, and it weighs. and conſiders the Vigour and 
Force by which they circulate in their Orbs. It is 
a Science, .which the greateſt Heroes, from the Be- 
inning of the World, have taken Pleaſure to ſtudy 
and improve; ſo that it was always eſteemed as a 
Science fit for Kings and Emperors to employ them- 
ſelves in. On which Account the Chaldean Wiſe- 
men ahd Philoſophers were always reverenced and 
favoiired by the antient Kings, who thought it ab- 
ſurd that any ſhould govern the World, who knew 
not what the World was. 
| Taz Excellency of this Science appears from this, 
that there is no Knowledge which is attained by the 
Light of Nature, that gives us trier and juſter No- 
tions of the Supreme and Almighty God, the Ow” 
4 0 
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| of both Heaven and Earth, than it does. None fur- 


niſhes us with ftronger Arguments by which his 
Exiſtence is demonſtrated ; nothing ſhews more his | 
Power and Wiſdom than the Contemplation of the F 
Stars and their Motions, That Prophet as well a3 
King, the Holy David, tells us, that The Heavens |: 
declare the Glory of God, and the Firmament ſheweth | 
bis Handy-Wirk. And again, The Heaven declite | 
his Righteouſneſs, and all the People have ſeen his Glory, | 
MARCUS Tullius Cicero, who was. guided only | 
by the Lage of his own Fenſos, had the ſame Sen» 
timents. Nothing, ſays he, is more evident, nothing 
plainer, when we look up is the Heavens, amd contem- 
plate the Bodies there, than that there is a Deity of muſt 
excellent Wiſdom wha governs them, What is there 
that more raviſhes the Mind of Man into an Ad- 
miration, Reverence and Love of God, than fo 
many and ſo great Bodies endowed with heavenly 
Light, maſt beautiful to the Eye, and when con- 
templated, moſt delightful to the Underſtanding? 
Their mutual Intercourſes, moſt regular Motions, 
their certain and determined Circulations, and theit 
Returns and Periods ſettled by a divine Law, in an 
admirable Harmony, make manifeſt to us the immenſe 
Power, Wiſdom and Providence of their Maker; 
which when we conſider, we muſt neceſſarily ac- 
knowledge, reverence and celebrate the Author and 
Contriver of all theſe Things. | | 
BEST ES, Aftronemy, with its ſublime Speculations 
about ſo many and fo large Bodies, and at ſuch im- 
menſe Diſtances, does wonderfully pleaſe and re- 
create the Mind. 887881 
As T RON O, for the Certainty and Evidence of 
its Demonſtrations, is not inferior to Geometry ; its 
Uſefulneſs is manifold, and the Amplitude of its Sub- 
ject is fo large, that it comprehends nothing leſs than 
the World itſelf, For as, among all the liberal 
Sciences, there are none that contemplate Objects 


more in Number, greater in Quantity, or at longer 


Diſtances from us, than Aſtronomy ;, ſo likewiſe there 
are none in which there ſtill remain fewer Difficulties 
10 


Lands and Countries that have not as yet 


4 The PREFACE. 
to be explained, Objections to be anſwered, or Scru- 
ples to be removed, than there are in A/tronony, 
and no Science has yet attained fo great a of 
Partertion ... ®. BOM 
Im moſt of the other Arts there are ſeveral inex- 
tricable Labyrinths ; many ſtrange Obje&ions are 
raiſed, and unanſwerable Arguments, which do ſo 
confound the Ming, that like thick Clouds they ſtop 
all further Proſpect and Diſcovery. But the Mo- 
tions of the heavenly Bodies are now certainly known, 
and their Cauſes demonſtrated, and the Reaſon of all 
the Phenomena of the Heavens are exactly underſtood, 
Tur ſmalleſt Stars we can ſee, though they be at 
an unmeaſurable Diſtance from us, yet have their 
Longitudes and Latitudes exactly determined, their 
proper Places ſettled, and are all reduced into Cata- 
Jogues ; though at the ſame time the Science of 
Geography, or a Deſcription of our own. Habitation, 
is ſo imperfect, that we have an exact Determina- 
tion of the Longitudes and Latitudes of but a very 
few Places, there ſtill remaining many Unknown 
been diſ- 
covered : And there are now great and. far extended 
Continents, of which we ſcarcely know any thing be- 
ſides their Coaſts and Shores. And what is ſtill more 
ſtrange, in our little Provinces and Counties which 
we daily travel over, there are many Towns and 
Cities whoſe Poſitions are ftill uncertain, as is plain 
from the many Geographical Maps of them, which 
contradict each other. 

Tu Aſtronomers foretel, for many Ages to come, 
the Eclipſes of both Sun and Moon, their Quantities 
and Durations ; the Conjunctions, Oppoſitions and 
mutual Af; of the Planets, and what will be the 


Diſtances of all the Stars from the Pole at any 


Time; whereas there is no Man ſo well ſkilled in 
Meteoroligy as can certainly foretel what will be the 


State and Condition of our Atmoſphere. for the very 


next Day, and yet it reaches but a few Miles from 
us: We are unable to judge whether we ſhall have 
fair Weather or foul, calm or ſtormy, or even ſ@ 

as much 
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much as to foreſee from what Point tlie Wind will 
blow. And this is no Wonder, fince the Cauſes 
from whence thoſe Effects atiſe are unſearchable, * 

No Philiſopber las evet yet diſcovered the Figures 
of the ſmall Parts of Matter, or the Texture, In- 
tervals, Form and Compoſition of the Parts of the 
moſt common Plant; Not has any Phyfician” yet 
found out the Reaſon of the Virtues and. Operations 
by which their Mediciries affect human Bodies. And 
even in all animated and vegetable Bodies, the Foun- 
tain and firſt Principle of Life and Action is un 
ſearchable, and looks like 4 Myſtery much I 


the Reach of our Underſtanding, which Knowlec 


perhaps, in this Life, is never to be attained; But 
Aftronomers in their proper Science meet with no 
ſuch Difficulties; they contemplate not the Natures, 
but the. Motions of the celeſtial Bodies, and they 
clearly account for the Phanomena or Appearances 
that ariſe ftom thence : They not only determine 
what Sort of Motion the Planets have, and in how 
large a Compaſs they circulate, but they likewiſe 
Mew us the crooked Tracts in the immenſe Regions 
bf Space which the wandering Comets take : Th | 
can give us the Geometrical Properties of thert Orbits, 
and the Laws which they obferve in deſcribing them. 
The Aſtronomers are not ignorant where or when the 
Planets are. at their fartheft Diſtance from the Sun, 
and participate the leaſt of his Heat and Light ; from 
whence they return, and are eonſtantly quickened in 


their Motions by the Sun, who draws them towards 


himſelf, till they come to thofe Parts of Space where 
they make their neareſt Approach to him, enjoy moſt 
of his Heat and Light, and are aQuated the 
greateſt Force of their own Gravity. 

Mos of Diſcoveries we have related were 


| known to the Aſtronomers of former Ages. But our 


Times, and this our Country of Britain, have had 


the Happineſs to produce a Genius of a divine Natur 


and extraordinary Qualities ; I mean the Great Sir 
TSAAC NEWTON, who, beſides his innumerable 
other wonderful Inventions, has diſcovered the Foun- 


. er 
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Ain and Spring of all the celeſtial Motions, and the 
t Law, which is univerſally diffuſed through the 
whole Syſtem of Nature, which the Almighty and 
Wiſe: Creator has commanded all Bodies to obſerve, 
vis, That every Particle of Matter attracts each 
other in a reciptocal duplicate Proportion of its Di- 
Tunis Law is as it were the Cenient of Nature, 
and the Principle of Union, by which all Things re- 
main in their proper State and Order; it detains not 
only the Planets, but the Comets within their due 
Bounds; and hinders them from making. Excurſions 
into the immenſe Regions of Space, which they would 
do if they were only actuated by a Motion once im- 
planted in them, which naturally they would always 

preſerve according to the principal Law of Motion. 
Wx are obliged to the ſame Gentleman for the 
Diſcovery of the Law that regulates all the heavenly 
Motions, ſets bounds to the Planets Orbs, determines 
their greateſt Excurſions from the Sun, and their 
neareſt Approaches to him. To this ſublime Genius 
we owe, that now we know the Cauſe why ſuch a 
conſtant and regular Proportion is obſerved, by both 
primary and ſecondary Planets, in their Circulations 
round their central Bodies, in comparing their Di- 
ſtances with their Periods; and why all the celeſtial 
Motions are ſtill continued in ſuch a wonderful Ro- 
gularity, Harmony and Order. The ſame incom- 
parable Perſon, having a complete Knowledge of the 
Laws of Nature and Motion, has from them fur- 
niſhed us with a new Thecry of the Moon, which 
accurately anſwers all her Inequalities, and accounts 
for them by the Laws of Gravity and Mechaniſm; 
fo that now the {Moon's Place, computed by the 
Rules of this new Theory, does not fſenfibly differ 
at any Time from what it is obſerved to obtain in 
the Heavens, which does exceed the Hopes and Ex- 
pectations of our Aftronomers; ſo that we have now 
a Proſpect of improving our Navigation, by finding 
from Obſervations of the Moon, the Longitude of 
2 Ship at Sea: A Problem of great Uſe, whoſe 'S0- 
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hition is much to be defired, and for which there are 


very ample Rewards allowed. 
THERE is nothing that.does more ſhew the Force 


and Penetration of — Underſtanding, than theſe | 


great and wonderful Diſcoveries, There is no more 
certain Way of comprehending the prodigious Bulk 
of the whole mundane- Fabrick, or the amazing 
Beauty of fo divine a Structure, and the infinite 
Wiſdom of its divine Contriver, than by conſidering 
theſe Laws which are lately diſcovered. From them 
we learn to have a moſt noble and magnificent No- 
tion of the whole Syſtem of Nature. Now we are 
aſſured, that this Earth we inhabit is but a ſmall and 
inconſiderable Part of a glorious Fabrick; ſince there 
are almoſt infinite Worlds, created by a Supreme and 
an Almighty Being, which are prodigiouſſy larger 
than ours, in the diſpoſing and governing of which 
the ſame Being exerciſes his infinite Power and Wif- 
dom. It is he who ſpoke the Ward, and the Heavens 
were made, He commanded, and they were created, 
He hath made them faſt for ever and ever. He hath 
given them a Law which ſhall not be broken. 
ASTRONOMY is not only uſeful as it improves the 


Mind, and by its moſt delightful Speculations in- 


creaſes the Force and Penetration of the Underſtand- 
ing; but it is likewiſe a conſiderable Help to the 
558 of other Arts and Sciences. In how great 


kneſs would the Geographers, the Chronologi/te 


wander, were they not aſſiſted with Light from 
Aſtronomy ? To it is owing that we know the Fi- 


2 and Magnitude of the Earth, and find out the 


tuations and Diſtances of Places. We learn from 
it the true Meaſure of the Year, and can give an 


Account of Actions, according to the true Order of 
the Times in which they happened. Hence is evi- 


dent how uſeful A/?ronomy is to human Affairs; for 
without it we could have no Geography nor Chre- 
* and conſequently no certain Account of Hi- 
ry. 
Bor among all the Arts and Sciences, there is 
None that has received greater I from 


Aſtronomy 
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raum than Navigation has done; for by our 


Knowledge in it we can carry our Ships through the 
vaſt Ocean in a right Courſe, though there is na 
Tra& to be: ſeen; and viſit the utmoſt Regions of 
the Earth. Hence ariſe the Advantages of Trade 
and Commerce; ſo that whatever Things other 
Countries afford, that are either precious or delight- 
ful, wg. receive and enjoy without the Inconve- 
nieneies of intemperate Heats or Colds to which 
thoſe Countries are liable, It is owing to our Skill 
in, Navigation that our Britiſo Monarchs have ob- 
tained the Sovereignty of the Seas; ſo that there is 
no Nation, at what Diſtance foever, but what are 
kept from doing Injuries to our Countrymen by the 


Terrors of a Britth Fleet. x es 

As the Art af Sailing does in a great meaſure de- 
pend on the Knowledge of the Stars; ſo. the impe- 
tuous and ambitious Defires of Kings and Princes 
to diſcover unknown and foreign Countries, in- 
clined them to cultivate A/fronomy,' The firſt and 
chief of all the Sailors was Neptune, who, upon the 
Accaunt of his Skill in this Art, was celebrated as 
God of the Ocean. His Son Belus, being an A/tro- 
nomer, by his Knowledge therein, carried the Inha- 
bitants of Z:bya'into Aſia, where he inſtituted Col- 
leges of Aftronomers ; for Diodorus, in the firſt Book 
of his Hiſtories, writes thus: It is reported, ſays he, 
that the of Neptune and 


the Egyptian Belus, the San 
Libya, | brought a Colony to Babylon; and there he in- 
Hituted Prieſts, whom the Babylonians call Chal- 
deans 3, who, after the manner of the Egyptians, were 
to obſerve the Stars. Before his Time there was 
Atlas King of Mauritania, a great Aſtrausmer, who 
firſt ſhewed. us the Doctrine of the Sphere. And 
therefore Virgil intraduces Jopas ſinging what Atlas 
had taught Mankind, 


— Dcuit que maximus Atlas, 
Hic canit errantem Lunam, Soliſque labores. 
So Uranus, King of the Country ſituated on the 
Shore of the 4rlantick Ocean, for his Skill in A/fro- 
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nem, is faid to have been:defcended from the Gm 


Zoroaſtar, a Perſian Philoſdpher, is celobrated dy all | 
Antiquity-as a ſkilful Afronemty; And the Honour [| 
and- Digritty: of this Science was had in ſo great a |: 


Royal Science, being 


Reputation, as to be called the 
that Kings were moſt delighted by 


it above all others, 


For the Kings of Africh and Syris firſt invented und 
improved it, and that long bef6ts it was kritwn. in | 


— This Plato acknow in his Dialogue, 
Which he calls'Epinomis, The firſt, ſays he;"wbbv cl. 


ferved theſe Things was 4 Barbarian, ho teen an 


antiant Country, where, & the Account of the Char. 


the! Slomer Sea could fr di 
* — Egypt and yea where the Stars an 


elearly ſeen, there being neither Rams nor- Chuds u 
binder their” Preſpect. And becauſe we are more re- 
mote frum this Summer Clearneſs of Weather than the | 


Barbarians, we came later to the Knowledge "of theſe 


Stars, 80 Lucian tells us, That the - Ether — 5 | 


10 Notice the heavenly Motions, and by f 75 


5 of the Lundtions they new that the 2 — fr 
"Light" of its own, but borrowed ir from the | 


Bun. {i it ĩs certain that Aſtronomy from the 
vely Begining was cultivated and improved by the 
rn Nations, For if we may believe # 

are Alenunder took Babylon, Call;ftheng 1 at the 
Deſire of Ariftotle carried from that City the Ob- 
fervationg of 1903 Years, which brings the Begins 
ning of theſe Obſervations to 115 Years after the 
Flood, and 15 Years after the Building of Babel, 
Pliny in his Natural Hiftory relates, that Eproencs 
affirmed, that the Babylonians had ' Obſervations of 
= Y cars, all graven upon Bricks. And Achilles 

atius, in the Beginning of his Introduction to 
Aratus's Phænomena, informs us, That the Egyp- 
* t;ans were the firſt who meaſured the Heavens 
« and the Earth; and their Science in this Matter 
« was engraven on Calumns, and by that Means de- 
« livered to 12 Yet the Chaldeans take the 
'« Honour of the Invention to themſelves; and 


Aſtronamica! 


WW e 4 betitro a and tr hs rn ata. as apnomn wllancfta . e w · - Bo ee io dg ne nn 


„ aſcribe it te Belus. The Greeks had all their 
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Auna Learning from Expr For arri, 
owns, Ae dne Thales, Pythagoras, udexur, - and m 
others, went to that Sountery to be inſtructed in uy 
SitfereaFScience. Theſe Men were nöt only the firſt, 
but the Philſephers that Greece produced; 
and from the ſame Author we know, that they who 
—5 ons op —_ Prin _— famous for 
th in Geemetyy an moni after re- 
tufted home: 80 un who lied rig 
with. the Egyptian Prieſts' ſeven Years, and was 
Initiated” into their * ** carried Home from 
thence, beſides ſeveral Geometrical Inventions, the 
true Syſtem of the Univerſe; and was the firſt that 
taught in Greece, that the Earth and Planets turned 
round the Sun, which was immoveable in the Cen- 
ter; and that the diurnal Motion of the Sun and 
| Fixed Stars was not real, but apparent, ariſing fron 
— Motion of the Farth round its Axis, At that 
ime nobody was eſteemed as a Philoſopher, but 
Ree was well acquainted, with the Mathematical 
ces. 

Bur theſe Sciences were won neglekted by tbe Phi: 
fofophers that came after them, who much 9 5 
ting from their Predeceſſors, had fo little Care and Con- 
cern for the Mathematical Sciences, eſpe: ally Aſtro- 
nemy, that of all the Obſervations o Eels, fox 
the Bale by of near 2000 Years, that were ſent from 

Callifthenes, Ptolemy could retoyer but 2 
rery pode the reſt being loſt by the Careleſneſs, Neg- 
ligence, and want of Skill of thofe Men who ſhould 
have preſerved them. For theſe Pretenders to Phi- 
loſo phy, having no Concern for the uſeful Parts of 
it, em their Time about Trifles and 'Difputes of no 

alue, and in endeayouring to find out Sophiſms, 
Mr they would impoſe upon their own, and the 
common Senſe of all Mankind: Such were Zeno's Are 
ments againſt Motion, and moſt of the Philoſophers 
— againſt the Diviſibility of Matter in in- 

Fo. $ ' whereas a little Knowledge of Geometry 
would eafily have diſſolved all the Difficulties chen 
ould raiſe, But tho” Aftronomy was thus baniifhed ou 


of 


. 
6 
* 


of the Schools of the common Philoſophers, 
Was received. and cul ltivated by ſome, tho” but a few, 
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eſpecially-b go Pythagorean $eft, which flouriſhed 
ay > ly. mo ry whom was Philojaus and 
Ariſtarchus ney Axa The  tolemery Kings of Egypt, 
were alſo, great Patrons of Learning; they, founded 
an Academy, for A/tronomy at core, which, fur- 
niſhed us with great Men, the chief of whom was 
H. pparchys, who, according to "Pliny, undertook 4 
Baff ine, eſs, which would have been a great Wirk for a 
God to perform, that is, to number the Stars, and aue 
the 25 avens for an Heritage to all that come after. 
This Man, foretold the Eclipſes of both Sun and 
Moon for 600 Vears; and upon his Obſervations i is 
founded: that precious Work of Piolemy, which he 
called bis D cuila bie, or his great Conftruftion 3 
for from them he gathered the Preceſſion of the 
8 and the Theory of the Planets. 
hen Egypt was conquered by the Saracens, and 
Alexandria reduced under their uriſdiction, the Con- 
querors took Aſtronomy, With the reſt of the Liberal 
Arts, under their Protection, and took care that 
moſt Part of the Books concerning the Liberal Arts 
and Sciences-ſhould be tranſlated from the Greek inta 
their own Arabian Language. 
Tux Saracent paſſing from Africk into Spain, and 
having a Commerce with the Weſtern European Na- 
tions, imparted to them the Science of Aftronomy, 
which before was almoſt loſt.in E wrope ; ſo that about 
the Year 1230, at the Command of the Emperor 
Frederick, Ptolemy's Almageſt, or his great Syntaxis, 
was tranſlated from the Arabick into Latin. 
_ AFTER that Time, Aronomy received ma 
Improvements from the Patronage of the ok 
Princes, and the Labours of- the moſt celebrated 
Philoſophers 3 among whom, in the firſt Place, 
is to be named Alphonſus King of Caftile, who is 
never to be forgotten, on the Account of the 
Aſtronomical Tables called after his Name. Nice- 
uns Copernicus was not only a diligent Obſerver, 
but. alſo a Reſtorer of the antient Pythagorean 
HpPyſtem. 
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Syſtem. Prince William, Landgrave of Heſs, who 
procuted Quadrants and Sextants much larger than 
what were formerly uſed, to obſerve the true Places 
of the Stars : This Prince's Obſervations are pub- 
liſhed by Snellius, Sir Henry Savill was moſt ſkilful 
both in Aſtronomy and Geometry, who is ever to be 
honoured for his Munificence in founding our two 
Profeſſions of A/tronomy and Geometry in the Univer- 
ſity of Oxford, and endowing them with ample Sa- 
laries; upon which Account, and many other Be- 
nefits he beſtowed on the learned World, he will 
always be had in Remembrance with the greateſt 
Reſpect. That Noble Dane, Tycho Brahe, who for 
his Skill in obſerving was ſuperior to all that went 
before him; and who, for the Furniture of his Ob- 
ſervatory, exceeded even Princes and Kings : He 
publiſhed a Catalogue of 770 fixed Stars, which he 
had diligently obſerved. John Kepler, a moſt excel- 
lent Aftronomer, by the Help of Tycho's Labours, 
found out the true Syſtem of the World, and the 
Laws the Celeſtial Bodies obſerve in thtir Motions, 
with which he vaſtly improved Aſtronomy; his excel- 
lent Works are well known to the learned World, 
and will ever ſhew how much he is to be praiſed, Ga- 
lileus, the Lyncian Philoſopher, who firſt applied a Te- 
leſcope to the Heavens, and by its Means diſcovered a 
great many new ſurprizing Phenomena, as the Moons 
or Satellits of Jupiter, and their Motions; the va- 
rious Phaſes of Saturn, the Increaſe and Decreaſe of 
the Light of Venus, the mountainous and uneven 
Surface of the Moon, the Spots of the Sun, and the 
Revolution of the Sun about his own Axis; all which 
were firſt obſerved by this great Philoſopher. 

I ſhould much exceed the Bounds of a Preface, if I 
ſhould name the reſt of the great Improvers of our 
Art, with the Praiſes that are due to them; par- 
ticularly Hevelius, who has given us a Catalogue of 
the fixed Stars much larger than Tycho's, compoſed 
from his own curious Obſervations. The moſt il- 
luſtrious Gentlemen, Meſſieurs Hugens and Caſſini, 


who firſt ſaw the Satellits of Saturn, and difssvered 
a bus 
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his Ring: Gaſſendus, Horror, Bullialdus, Ward, Ric- 
ctolus, and many other Aftronomers of great Renown, 
But we have one here, who on Account of his great 
Merits in A/tronomy does excel them all, that is, the 
moſt eminent and learned Dr. Edmund Halley, Sa- 
villian Profeſſor of Geometry in this Univerſity, my 
moſt friendly Collegue, to whoſe Labours Aſtronomy |} 
owes many, and thoſe not fmall Improvements : In 
him there ſhines out together (which I know not if 
they are to be found in any other Perſon to ſuch a 
Degree) the greateſt Dexterity in Practical Affronomy, 
and a moſt profound and exquiſite Skill in Geometry, 
which will appear by his A/tronomical Tables when 
publiſhed ; for they will far excel all others that 
ever were, or perhaps ever will be publiſhed, 

I could name many others of our own Country- 
men, who have done much Service towards the Im- 
provement of A/tronomy ; but we muſt not pafs over 
in Silence the Labours of the celebrated Royal Pro- 
feſſor, the late Mr. John Flamfteed, who with inde- 
fatigable Pains, for more than 40 Years, watched | 
the Motions of the Stars, and has given us innu- | 
merable Obſervations of the Sun, Moon and Planets, 
which he made with very large Inſtruments, exactly 
divided by moſt exquiſite Art, and fitted with tele- 
ſcopial Sights. Whence we are to rely more on the 
Obſervations he hath made than on thoſe that went 
before him, who made their Obſervations with the 
naked Eye, without the Aſſiſtance of Teleſcopes, 
The ſaid Mr. Hamſteed has likewife compoſed the 
Britiſh Catalogue of the fixed Stars, containing about 
3000 Stars, which is twice the Number that are in 
the Catalogue of Hevehns ; to each of which he has 
annexed its Longitude, Latitude, Right Aſcenſion, 
and Diſtance from the Pole; together with the Va- 
riation of Right Afcenſion and Declination, while 
the Longitude increaſes a Degree. This Catalogue, 
together with moſt of his Obſervations, is printed 
on a fine Paper and Character, at the Expence of 
the late Prince George of Denmark ; but Mr, Ham 
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fired, before he died, had near finiſhed another Edition 


of them at his own Expence, which were publiſhed 
in three Volumes in Folio, 1725. 
AmoNnG ſo many Helps and Advantages towards 


the Underſtanding of Aftronomy, there was ſtill want- 


ing an univerſal and complete Theory of the celeſtial 
Phenomena, explained according to their true Mo- 
tions and phyſical Cauſes, But this Work has. been 
lately performed, finiſhed, and publiſhed by the late 
Dr. Gregory, the great Honour of our Profeſſion, 
and my Preceptor, whom I ought always to remem- 
ber with Gratitude, for it is owing to him if I have 
made any Advances in this Study, 

In the mean time it is to be acknowledged, that 
this Work does not ſeem to be ſuited to the Capacity 
of young Beginners ; for it contains many Things 
which require an Inſight into deep Geometry, fo as 
to be clearly underſtood ; which Skill is ſeldom to be 
met with in young Men, who are for all that capable 
of learning the Elements of Aſtronomy. Befides, the 
celeſtial Motions and their phyſical Cauſes are al- 
ways jointly explained ; which two "Things, when 
they are to be learned by Beginners, diſtract them 
too much, and make the Doctrine difficult. There- 
fore I thought it more advantageous to the Learner 
firſt to explain the Motions, and give an Account 
of the Phenomena that ariſe from theſe Motions, 
which when once underſtood there will be an eaſy 
Admiſſion into the Knowledge of phyfical Cauſes. 

Fox which Purpoſe I compoſed the following 
Leftures, which I read in the A/tronomical School at 
Oxford, as my Duty obliged me: In them I have 
taken ſome Pains, that all the celeſtial Motions may 
be clearly explained, and the Reaſons of the Phæ- 
nomena, which ariſe from thoſe Motions, be given, 
But particularly of thoſe which are to be underſtood 
by the Help of a few Propoſitions of the Elements 
of Geometry, And therefore I would adviſe our 
young Beginners, who deſire to learn A/tronomy, that 
they would place Euclid's Elements before them when 
they read theſe Lectures, and conſult them when 

| * they 
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they find any Propoſitions quoted by us. Thoſe we 
chiefly uſe are but few in Number; ſuch are the 
4th, 5th, 8th, 13th, 15th, 27th, 29th, 32d, and | 
47th of the firſt Element. The 16th, 18th, 2oth, 
ziſt, 35th, 36th, 37th of the 3d Element: Alſo 
the 4th, 5th and 6th of the 6th Element; beſides 
the Doctrine of Proportion, contained in the 5th } 
Book, It were likewiſe to be wiſhed that the young | 
Student of A/tronomy were ſkilPd in plain and ſphe- 
rical Trigonometry. But if there be any, as I believe 
there are ſome, who deſire to learn A/tronomy, and | 
yet are ignorant of Trigonometry ; I require of them | 
that they grant and allow us this Poſtulate; becauſe 
in every Triangle, either ſpherical or plain, there are 
three Angles and three Sides; of theſe fix, having 
any three, one of which in a plane Triangle muſt be | 
a Side, all the reſt may be found. It is Trigonometry | 
that teaches us how to perform this, whoſe Uſe is 
apparent in all the Parts of Aſtronomy. 

THERE are alſo ſome Things in our Afronomy | 
which require a Knowledge of deep Geometry, as 
when we ſpeak of the Elliptick Theories of the Pla- 
nets diſcovered by Kepler. But I would not have 
the Beginners or young Students trouble themſelves 
with theſe Particulars, ſo they may paſs them over, 

I defire alſo of them that are unacquainted with 
Aſtronomy, that after they have read the XI. and XII. 
Lefures, concerning the general Cauſes of Eclipſes, 
they would leave the reſt of that Doctrine till they 
are inſtructed in the ſpherical Inſtitutions, as t 
are explained by us in the XX. and XXI. Lectures; 
and then they may return to the remaining Parts of 
the Doctrine of Eclipſes, contained in the XIII. and 
XIV. Lectures. 

Trey who underſtand what is here delivered may 


with much Adyantage undertake to read that excel- 


lent Work of Dr. Gregory's, and learn the phyſical 
Cauſes of the celeſtial Motions from thence, 
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LECTURE I. 


Of Vifible and Apparent Motion. 


| TRONOMY being a Science in Lect. I. 
ES || which are explained the Motions of 
Bodies that are at an immenſe Diſtance 
from us, and the Appearances which 
ariſe from theſe Motions ; They 
who would learn this Science, muſt 
rit he informed of the Manner how the Motions 
of diſtant Bodies become viſible, and the Objects of 
dur Senſes. 
Axp firſt it is plain, that ſince the Eye looks ht Bo- 
don ſuch Bodies to be at Reſt, which keep the ies ſeem to 
fame viſible Diſtance, the ſame Poſition and Situ- be ar Ref. 
ation, not only in reſpet of other Bodies which 
we conceive to be at Reſt, but alſo in reſpect of 
be Eye that beholds E ea can w- 


2 


Lect. I. be perceiv'd to move, which change their Diſtance: N 
— and Poſitions, in reſpect to other Bodies, or to the 


What in 
Mor ion . 


Of the 


Senſe of 
Seeing. 


Plate J. 
Fig. 1. 
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Eye of the Spectator. 
Bur that we may explain this Matter by its 


proper Principles, and draw it from its Origin, that ꝶ 
from an Explanation of the Manner of Viſion: It | 


muſt be known, that the Writers of Opticks demon- 


ſtrate that every 


is Spherical concave, 


to the Eye, and are therein received and refracted. 


The Image of each Point is in that Place, where ; 


the innamerable Rays which come from that Point, 
and paſſing through the Humours of the Eye, & 
by Refraction meet on the Retina. 

LET AB, a Portion of the Periphery of a Circle, 
repreſent the outward Surface of the Eye; DG 
the Bottom or reticular Coat, which is formed by 
the Extremities of the Optick Nerves, and let C be 
the Center of the Eye; the Image of the Point F 
will be in the Line F CH, and therefore at H: 80 
alſo the Image of the Point E will be in the Line 
E CL, at the Point L; for the Rays of Light will, 
by the pellucid and clear Coats and Humours of 


the Eye, be fo refracted, that all thoſe Rays which 


come from F, and enter the Eye, will change their 
Direction, and turn toward H, where they will meet; 
and likewiſe all thoſe which come from E, being re- 
fracted in the Eye, will sonverge and meet again 
at L, where they "will form the Image of the Point 
E; for by ſtriking on the nervous Fibres in theſe 
Points, they will excite the Senſe of Viſion. 
THERE is a fine Experiment which confirms 
and demonſtrates this Doctrine. For if the Eye 
of an Ox, or any other Creature, juſt after its 


Death, be taken out of its Head, and the . opake 


and black Coat call'd the Choroides, which covers 
the back Part of the Eye, be ſeparated, ſo that the 


this 


”» 9 


Body which is ſeen, has its Image 
painted in the Bottom of the Eye, upon that Coat 
which is called Reticular, or the Retina, whoſe Surface 
This Image is made by the 
Rays of Light which flow from the Viſible Object 


thin, and pellucid reticular Coat may appear; if 


diſce. 
minu 


the ( 
thoſe 


paſſin 
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ance: 


this Eye be turned towards a Window, or any Ob- Lect. I. 

> the BY jest that is ſtrongly illuminated, we ſhall ſee with 

- Pleaſure and Admiration, a fine Picture on the 
_—_ S775 exactly repreſenting the Object in its proper 
hat i Colours. We ſhall have the ſame Appearance, if 
a: 1 inſtead of the Eye we take any Convex-glaſs of a 
mon- BW Teleſcope, and turn it towards the Object, and 
mage BY place a white Paper at a due Diſtance behind the 
Coat = Glaſs, we ſhall obſerve upon the Paper an exact 
rface BY Image of the Object, diſtinctly repreſented with its 
Ke. lively Colours, | 
beck IF therefore the Image H of the Point F remain How Me- 
acted, unmoved on the ſame Point of the Retina, the Eye tion is per- 
here 8 being likewiſe unmoved, the Object F will be at ceived by 
_ Reſt : But if the Point F be carried to E, its Image 97 Eyes. 
e, 00 BY will thereby ſucceſſively paſs through different Parts 
in of the Retina, and deſcribing the Space H L, will 
arc, I excite the Senſation of Motion. If the Point F be 
DG Wl i a great Diſtance from us, and the Motion be 
ed by BY made in a Plane, paſſing thro' the Eye, the Specta- 


tor will judge of the Magnitude of the apparent 


85 Motion, by the Magnitude of the Angle FC E. 
oh Ir in the Line C F there be another Object M. 
Lire i which is likewiſe at a great Diſtance from. us, and 
dos this Object be carried from M te N, its Motion 
"yy * will appear to be the ſame with that of the Object 
which ; for the Way of both will appear the fame, the 
ther two Images having the ſame Path, and paſſing 
meet; W through the ſame Space in the Bottom of the Eye. 
ag I If the viſible Poiat M be carried in the Line C F 
p from M to F, ſuch a Motion cannot be perceiv'd by 

ng" the Spectator, the Image of M remaining unmoved 
nc all the while on the Retina : And whatever Bodies 
"ep are moved in Lines that paſs thro* the Center of the 
x Foe Eye, the Motions of ſuch Bodies are not to be ob- 
2 ſerved by our Sight, nor can we any other Way 
* 1 diſcern ſuch Motions, but by the Increaſe er Di- 
abe I minution of the Splendor and viſible Magnitude of 
. the Objects. I ſpeak here of diſtant Objects: For 
wh c WW ole that are near us, tho they move in Lines 

b 


paſſing thro' the Eye, yet we may diſcern their 
B 2 Motions 
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Le&t. I. "Motions by the Change of Poſition and Situation 


Wap I Which they hold in reſpect to other Bodies, whoſe 
Poſitions oe Diſtances — ——— Now whatever 
be the Path of the moveable Point F in the Plane 
FCE, whether it be in the right Line F E, or in 
the circular Arch F PE, or in any other curve Line 
F QE; when it comes to the Line C E, its appa- 
rent Motion will always be ſeen to be the ſame, while 
the Angle F CE remains the fame; but when the 
Angle EF CE is increaſed or diminiſhed, the. viſible 
Motion will be in like Manner increaſed or dimi- 
niſhed, which therefore can be only meaſured by that 
Angle. [+ | 

THAT therefore the apparent Motions of Bodies 
may be determined, we myſt here ſhew the Method 

The Mea- by which Geometers and Aſtronomers find out the Mea- 

Jures of An- ſures of Angles; which though it is commonly known 

glei. even to the meaneſt Artiſts, yet that we may omit 
nothing which will make what is to follow eafily con- 
_ by Beginners, we, will here explain it in a few 

ords. | 


EuUCL1D has demonſtrated, that the Angles at the 


Center of any Circle are proportional to the Arches 

on which they ſtand, and therefore the Meaſures of 

Angles will be beſt known from thoſe Peripheries or 

Arches which ſubtend them: On which Account the 

A Degree Aſtronomers divide the whole Periphery of a Circle in- 
what. to 360 Parts, which are call'd Degrees; and they di- 
Feruples er vide each Degree into 60 other Parts, which are na- 
Minutes. med Scruples, or Firſt Minutes; each of thoſe Mi- 
nutes are again divided into 60 ſecond Scruples or Mi- 

nutes; and each Second is alfo ſuppofed to be divided 

into Thirds, each Third into Fourths; and fo on. 

By this Means they reckon ne more Degrees or 

Parts in the greateſt Circle than in the leaſt that is; 

and therefore if the fame Angle at the Center be ſub- 

tended. by two concentrical Arches, they count as 

many Degrees or Parts in the one as they do in the 

the other; for theſe two Arches have the ſame Pro- 

Plate 1, Portion to their whole Peripheries, For Example: 


Fig. 2. Let A CB be an Angle, and from the Center Ci 
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there be deſcribed two Arches A B, DE, fubtend- Lect. I. 
ing the Angle: There are as many Degrees and Mi- 


nutes contain'd in the Arch A as there are in 
the Arch D E, altho* the Radius or Semidiameter of 


ZW the Arch A B were only a Foot long, and the Radius 


of the other reached the Fixed. Stars. It is true in- 
deed, that a Degree in the Arch AB is fo much 
leſs than a Degree of the Arch DE, as its Radius 
C is leſs tkan CE or CD: The Angle C is ſaid to 
be of ſo many Degrees or Minutes as the Arch which 
ſubtends it contains of ſuch Parts. 


THz - Inſtrument by which Angles are obſerved, The Me- 
is a known Portion of the Periphery of a Circle, as D of 
a Quadrant, Sextant, or Oaant, that is, the fourth Meaſuring 
Part, ſixth Part, or eighth Part of the whole Peri- Angles. 


phery. If it be a Quadrant, the Inſtrument-Makers 
divide it into 90 Degrees, go being the Ath of 360: 
If a Sextant, it is divided into 60, which is the 5 of 

60: If an Octant, it contains 45 Degrees or the 
th of 360. They divide again each Degree into 
Minutes, and each Minute into Seconds, if the In- 
ſtrument be large enough to ſhew ſuch Parts. The 
Inſtrument-Makers fix to the Side of the Inſtru- 
ment Pins or Sights, by which they collineate to the 
Object, and they ſaſten likewiſe a Rule moveable 
about the Center upon the Plain of the Inſtrument, 
which Rule is likewiſe furniſhed' with Sights, with 
which they obſerve Angles in this Manner. 


LET A and B be two Objects at a great Diſ- Plate J. 
tance from us: And ſuppoſe the Obſerver at C, Fig. 3. 


who is to meaſure the Angle A CB: Let the Inſtru- 
ment be turn'd, 'till the Object A can be ſeen thro? 
the Sights of the Side C D; and let the Plane of the 
Inſtrument” be ſo moved round the Side C D, and the 
Rule round the Center, that the Object B may be 
ſeen thro? the Sights of the Rule: It is manifeſt from 
what has been ſaid, that the Arch DE will give the 
Meaſure of the Angle A C B, and that the Arch AB 
will contain as many Degrees and Parts, as the 
Arch D E, which the Rule cuts off from the In- 
ſtrument. | 
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Lect. IJ. Mortover Afronomers have other Bounds or 

| Marks from which they reckon the Arcual Diſtances 
of Stars, and meaſure them with a like Inſtrument, 

The Hori- Theſe are chiefly the Horizon, which is formed by a 


ron. Plane touching the Surface of the Earth where the 


Spectator ſtands, and is infinitely extended towards 
the Heavens; which it divides into two Hemiſpheres 
or Parts ſenſibly equal, and ſeparates the Viſible Hea- 
vens from the Inviſible, And if we ſuppoſe a Circle 
perpendicular to this Horizon paſſing through any 
Star, the Arch of it comprehended between the Star 
and the Horizon is called the Altitude or Height of 
The Alti- that Star. There is another Mark which is called 
tude of a the Pole of the Horizon, and is that Point which is 
Star. directly over-head, through which a Line perpendi- | 


wy 2 if eylar to the Horizon will paſs: And it is in this 
2 % Line all heavy Bodies endeavour to deſcend, and ac- 


cording to which we ſtand upright. By this Me- 
thod the Sailors at Sea find out the Height of the 
Sun by the Angle which is formed in the Eye, by 
Lines coming from the Sun, and from the Horizon, Þ 
So likewiſe the Aſtronomers by Rules and Quadrants Þ 
made on Purpoſe for that Uſe, obſerve the Angle 
which the Rays or Lines that come from the Sun | 
of Stars, make with the Line that is perpendicular 
to the Horizon, 
InsTEAD of plain Sights we now commonly 
make Uſe of Teleſcopes ; for by their Means diſtant 
Objects are mare certainly and exactly obſerved, 
than they can be by our ſimple View. The Man- 
ner of fitting Teleſcopes to Inſtruments, the Method 
of dividing the Arch, and the Contrivances for 
managing and moving the Inſtrument for Practice, 
we leave to the Mathematical Inſtrument-Makers to 
deſcribe. 
Plate I. By the Meaſure of Angles we likewiſe find the 
Fig. 4. apparent Diameters of diſtant Bodies: Let A B be 
The appa- a Line which is ſeen by the Eye at C directly op- 
rent Dia. poſite to it, and ſuppoſe drawn from its Extremities 
meters of A, B, right Lines A C, B C to the Eye; that Line 
Brewer, A B is ſaid to appear under the Angle A CY 
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which is call'd its Apparent Magnitude, and is ſaid to Lect. I. 
be ſo many Degrees and Minutes as that Angle ob 
ſerved by an Inſtrument contains, After the ſame Fig. 
Way the Object D E, ſeen by the Eye F, is ſaid to 

appear under the Angle D F E, and the Apparent 
Magnitudes of the Lines A B, DE, are to one an- 

other, as the reſpective Angles ACB, DFE. 

Bur if the Eye come nearer to the Object A B, The oppa- 
ſo as to view it but from half the Diſtance, that is, Vent Dia- 
from G; the Object will be from thence ſeen under ter, the 
twice the Angle it appeared under before: If the Eye "77 * 
come three times nearer, its apparent Magnitude will e 

. grau 
be near three times greater, provided the Angles be bigger. 
but ſmall, and exceed not a Degree or two: And Fig. 4. 
the apparent Diameters of ſuch Objects do nearly in- 
creaſe, as the Diſtances from which they are view'd 
are diminiſhed, 

By this Method, if we know the apparent Dia- 
meters of two Bodies, and the Proportion of their 
Diſtances from us, we can know from thence the 
Proportion their true Diameters bear to one another : 

For if their Diſtances be equal, their true Diameters 
will be as their apparent: And if their apparent Dia- 
meters are equal, their true Diameters will be pro- 
portional to their Diſtances. For Example: If the Plate I. 
Angle ACB be equal to the Angle DE F, but the Fig, 4, 3. 
Diſtance CB triple of the Diſtance E F, the Line 
AB will be triple of the Line DE: But if the Dj- 
ſtance CB be not only triple of the Diſtance # f, but 
alſo the Angle A C B be double of the Angle d fe, 
the Object AB will be ſextuple of the Object d e. 
For if we ſuppoſe C M equal to 1 and an Object 
MN to appear under the Angle M CN or A CB; 
becauſe the Angle M CN is double of the Angle 
dfe, MN will be double of de; but becauſe CB 
is triple of C M or df, A B will be triple of MN, 
and conſequently it will be {ix times bigger than de. 
Hence, if the apparent Diameters of the Sun and 
Moon be equal, let the Sun be 100 times further 
from us than the Moon, the Sun muſt needs be 100 
times in Diameter bigger than 'the Moon ; We ſhall 

| B 4 after · 
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Left. I. afterwards demonſtrate, that the Sun's Diſtance from I 
3 us is above 100 times greater than that of the An. 


Ir we know the apparent Diameter of any Body, 
we can from thence exactly know, by the Help of 
Triganometrical Tables, what Proportion the Diſtance i 
of that Body bears to its true Diameter. For ſuppoſe '' 
the Object DE to be ſeen by the Eye at F under the 


Angle D FE. For Example of one Degree; then 


the Diſtance F E will be to D E the Diameter of the 
Object, as the Radius of a Circle is to the Tangent 


of the Angle DF E; that is, ſuppoſing D F E one 


Degree, as 10000 is to 174, 5. The Sun appearing 
W 25 an Angle of about half a Degree, or 30 Mi- 
nutes, its Diſtance will be to its own Diameter as 
10000 to 87: Hence, we are certain that the Sun's I 
Diſtance from us, is nearly equal to 115 of its own | 
Diameters. And if an Eye were placed in the Sun, 
to obſerve the Angle under which the Diameter of 
the Earth appeared from thence, we then ſhould be 
able to tell exactly the Diſtance of the Sun from us, 
in Diameters of the Earth, or in Miles, ; 

SINCE, as we have ſaid, the apparent Diameters 
of Bodies grow bigger, the nearer we come to them, 
and that they are increaſed almoſt in the ſame Pro- 
portion that the Eye approaches them ; (for Ex- 
ample: If any Man were ten times nearer to the 


Moon than we are, and did there obſerve it, he 


would ſee the Moon ten times bigger in its Diame- 
ter and clearer than we do; in Diameter I ſay, for 
the Surface would appear 100 times larger than it 
does to us:) If here on Earth we ſhould take a Te- 
leſcope which only increaſes the Diameter ten times, 
and look to the Moon with it, the Moon will have 
the fame Appearance ſeen with ſuch a Teleſcope, 
as would appear to a Spectator ten times nearer it 
than we are, But if we ſhould ufe Teleſcopes (and 
ſuch there are) which magnify the Diameters of 
Objects roo or 200 times, they will ſhew the 
Moon in the ſ:me Manner, Figure and Bigneſs, as 
it would appear in, at a Diſtance 100 or 200 times 
leſs than ours, Hence we can perceive gg 

yes 


J meters of the Earth: As likewiſe we can diſcern 
how dit would appear, if we approached it much 


| cover in it vaſt Rid 
many Vales, and large open Fields. By the Means 


Jof a Circle ABDEFG 
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Eyes with what Face, and how large the Moon Lect. I. 


would ſhew itſelf, at the Diſtance of three Dia? 


nearer, and view it only at the Diſtance of 1000 
Miles; for from thence we ſhould be able to diſ- 
of Mountains, deep Caverns, 


of Teleſcopes we ſtill aſcend higher in the Hea- 


vens, and we can approach the Planets, Comets and 


fixt Stars ſo near, that of ſuch immenſe Diſtances 
there remains only the hundredth, or two hun- 
dredth Part to have the whole Journey finiſhed 
and from thence we can behold the Converſions 
of the Planets about their proper Axes; the Moons 
of Jupiter and Saturn, their Eclipſes ; the Belts of 
Jupiter, the wonderful Ring of Saturn, and all the 
various Appearances and Shapes it takes. We could 
not paſs over, without taking Notice in this Place, 
theſe Advantages of the Teleſcope, ſince it is the 


chief Inſtrument by which we obſerve the Mag- 


nitudes of the Heavenly Bodies, and their apparent 
Motions. 
siven the Motions of diſtant Bodies are no fi 
other ways to be known, but by the Change of the”, 4 - 
Angle which is at the Eye that obſerves them; it ieh are 
will eaſily appear from thence, that tho* Bodies move , em- 
equally and regularly, deſcribing equal Spaces in inet e- 
equal Times, their Motions notwithſtanding may qual, may 
ſeem to be very unequal and irregular, This will be appear un- 


How the 


beſt underſtood by an Example, equal. 


SUPPOSE a Body to be revoly'd in the Periphery Plate I. 
| Q: and to move thro? Fig. 6. 
equal Arches AB, BD, DE, EF, in equal 
Times; and let the Eye be in the Plane of the ſame 
Circle, but at a Diſtance from it, viewing the Mo- 
tion of the Body from O: When the Body goes 
from A to B, its apparent Motion is meaſur'd by 
the Angle A OB, or the Arch H L, which it will 
ſeem to deſcribe ; but in an equal Time, while it 


moves thro' the Arch B D, its apparent Motion is 


deter- 


10 ASTRONOMICAL 


Lect. I. determined by the Angle BOD, or the Arch LM 
which is much leſs than the former Arch HL; and 
the Body, when it arrives at D, will be ſeen at the 
Point M of the Periphery NL M: But it takes the 


ſame Time to deſcribe D E which is equal to AB, Fi 
or BD; and when it artives at E, it is ſtill ſeen at 
the Point M; fo that all the Time it is moving thro' | ; 


the Arch DE, it appears almoſt immoveable, and, as 
it were, to ſtand ſtill, While the Body is continu- 
ally going forward in its proper Orbit, and deſcri- 
bing the Arch E F, when it comes to F, the Eye in 
O will ſee it in L, and it will appear to have gone 
backward in the Arch M L. So alfo, while it 
moves from F to G, at its Arrival at G, it will be 
ſeen at H in the very ſame Place it appeared in when 


it was in A, So likewiſe, while it paſſes from G 


thro'I to Q, the Spectator's Eye at O will obſerve 
it, as if it had deſcribed the Arch HE N. And tho 


it is till going on in its Orbit, while it runs thro' | 


the Arch QP, the Spectator will obſerve it all that 
Time near the Point N, in a Stationary State. Af 
ter its paſſing by P, and going to A, it will appear 


to change again its Courſe, and deſcribe the Arch a 


NKH with very unequal Motions. 
Optical u- TRI18s Inequality of Motion is call'd by Aftrons- 
 egualit)- mers the Optical Inequality : Becauſe it is not really 
in the Bodies moved, but only apparent to the Eye 
which perceives it, ariſing from the Poſition of the 
Spectator : For the Body all the Time moves uni- 
Plate I. formly forward, and if the Eye were in the Center, 
Fig. 7. it would ſee the Motion always perfectly regularly 
| rformed. | 
If the Exe Ix the Eye were placed in any Point, as O, with- 
be placed in the Orbit of the Body, but not in the Center, and 
Within the there the SpeAator remained immoveable, he would 
Circle, the ſtill obſerve the Motions to he unequal, altho* the 
Motion Body moved never fo regularly; and when at the 
7at is e. greateſt Diſtance from him, as at A, it would appear 


ug, - ny to be ſloweſt ; when it comes neareſt, it would ſeem 
appear un- : Oe | 
egual, to move quickeſt. This is plain; for the Arches 


AB and CD being equal, they will be deſcribed l 
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equal Times. But the Angle DOC being greater Lect. I. 
than AO B, the Motion in D will appear ſwifter 

than that at A. But in this Caſe the Body will but ebe Body 
never appear to ſtand or to go backward, but always can never 
forward: And therefore, when a Spectator placed be /cen to 
within the Orbit of another Body, and viewing its &“ back- 
Motion, perceives it ſometimes to go forward, then 2 10 
to ſtand ſtill, and afterwards go backward, we may , Ca 
from thence conclude, that the Place of the Specta- oy 


dor is likewiſe moved. 
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| LECTURE HM 
Wm Of the Apparent Motion which ariſes 


Arch 


from the Motion of the Speftator ur 
Ob ſerver. 


ITHERTO we have ſuppoſed the 

WY Spectator to have remained immovea- 

dle all the Time of the Obſervation : 

But if the Place of the Obſerver be 

likewiſe moveable, then there will be 

very different Appearances, and the 

Eye will perceive thoſe Bodies to be at Reſt. which 

may have really a very quick Motion, and other 

Bodies may ſeem to be in Motion, which remain 

really at Reſt: And not only theſe Appearances may 

be ſeen, but the Motion of Bodies may appear to be 

directly contrary to what they truly are; and Bodies 

which are really going Ea/tward, may appear to 

move towards the Net. All which will be moſt 

eaſily declared and made plain from the Appearances, EY 

obſerved by them who fail in a Ship: ſail in a 
SUPPOSE a Ship carried by the Winds with à 857%, per- 

ſwift, but uniform Motion; the Paſſengers can nei- ceive not 

ther perceive the Motion in the Ship, nor of any the Motion 

Thing of the Ship. 
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12 ASTRONOMICAL 
Lect. II. Thing in it that keeps the ſame relative Place in 
tze Ship: For ſince the Veſſel and all its Parts re- 

tain the ſame Situation and Poſition in reſpect of 

the Eye, their Images painted on the Retina will 

always abide in the ſame Place, and therefore they 

muſt appear unmoved. Hence it is, that tho 

every Thing in the Ship goes as faſt forward as the 

Ship itſelf does; yet ſuch Motions cannot be per- 

ceived by a Spectator that fits in the fame relative 

Place, and who has the ſame common Motion with 

the Ship. But when the Spectator turns his Eyes 

towards the Shore, or upon Objects which are with- 

out the Ship, they will ſeem to be moved; for 

while the Ship goes forward, it carries along with | 

But exter- it the Eye of the Spectator, by which Motion of | 
nal Objects the Eye the Poſition of external Objects in reſpect 
without of itſelf will be changed, and their Images will ſuc- 
the Ship ceſſively occupy different Places on the Retina; and 
will ſeem therefore Objects without the Ship, which are really | 
ans Reſt, will ſeem to be moved, whereas thoſe that 
are within the Ship, and really in Motion, will ap- 

pear to be at Reſt. : I 

IF, while the Ship is moving very faſt forward, 

a Ball of Lead, or any other heavy Metal, were 

let fall from the Top-maſt, the Pallenigers in the 

Ship will obſerve the Ball to fall perpendicularly 
downwards, and it will fall upon the Deck juſt by 

the Foot of the Maſt, after the ſame Manner as it 

The Motion would fall were the Ship at Reſt. But notwith- Þ 
of a Ball ſtanding this, the true Motion of the Ball is not in 
falling the Perpendicular, but in an Oblique Line, in 
down in a which it deſcends ; and a Spectator in anather Ship 
Soi. which is at Anchor, will eaſily obſerve this Obliquity 


and Curvity of its Way, while it falls thro* the = 
Air. The Reaſon of this Appearance is eaſily ſhew'd: that 
For according to the firſt and principal Law of Na- 1 
tural Philoſophy, a Body once put into Motion, en- cure 
deavours to retain that Motion, and to continue Bl). 
moving in the ſame Direction. Now the Ball, while WF... 
it was held at the Top-maſt, went forward with wer 


the Ship, and had its Motion communicated to it : 
All 


LECTURES. 


„and therefore, after it is left to fall, it will retain Lect. II. 


the ſame Force to go forward as it did before; and 
t the ſame Time, its Weight carrying it down- 
Wward, it will both go forward and deſcend : For the 
wo Forces, one communicated by the Ship, and the 

other from Gravity, will not hinder or diminiſh 
Wone another, they not being contrary. It will there- 
Wfore be moved as faſt forward, and as much down- 
ward as it would be, did the two Forces act upon 
oo ſeparately at different Times. By theſe two 
KE » Forces acting together, the Rectitude of its Way 
a if only hindered, which it would have, did the Per- 
hy Wpendicular and the Horizontal Forces act ſeparately ; 
tet and the real Way of the Ball thro' the Air is a 
whey curve Line, exactly like that which a Body takes 
when it is thrown according to an Horizontal Di- 


+ 
2 
— 
— 
— 
CB 


pet cron: And in ſuch a Line it will be obſerved to 

ue move, by a Spectator placed near it in another Ship 
and which is at Reſt. Beſides, ſince the Ball and Maſt 
wy Ware both moved forward with the ſame Velocity, 


+ they will always remain at the ſame Diſtance from 
each other, and therefore the Ball will touch the 
Deck juſt by the Foot of the Maſt, Moreover the 


vard, Motion of the Ball forward is common to the Ship, 
Were and all its Parts, as likewiſe to the Paſſengers that 
the Ware relatively at Reſt in the Ship. But we have be- 
175 fore ſnewed, that the common Motion could not be, 

by Mobferved by the Paſſengers in the Ship, and therefore 
br Wit cannot be perceived neither while the Ball is falling. 
wa in WJ Wherefore the only Motion that can be ſeen, will 


W be that which is impreſt upon it by its Gravity, 


bis vbich is peculiar to the Ball, and by which it de- 

"P Wſcends, And therefore the Paſſengers will ſee the 
9 Ball deſcending only in a perpendicular Line. Ex- 
wp 7 periments have been often made, which demonſtrate 


that all we have ſaid is exactly true. 


Ir any Perſon ſitting at the Ship's Head, ſhould The Motion 
throw a Ball towards the Stern with the ſame Ve- of a Ball 


_ locity that the Ship goes forward, that Ball would 2hrown 
* 15 neither go forward nor backward; and if there within the 
mM ' {vere no Gravity, it would remain immoveable ; SY. 


But 
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Lect. II. But becauſe Gravity acts upon it, it will really de. 

[[ ſcend in a Perpendicular Line, and a Spectator in a 

Ship at Anchor would obſerve it deſcending in 23 

right Line. For the Force impreſt upon it when it 

is thrown, will only deſtroy the firſt Force commu- 

nicated to it from the Ship, to which the Projectile 

Force is contrary and equal. But for all this, the 

Paſſengers will not perceive this perpendicular and 

direct Motion; but they will ſee the Ball go to- 

wards the Stern with the ſame Force, as it really] 

would have done, had the Ship been at Reſt, and the 

Ball been thrown with the ſame Force to the Stern, 

Bur if the Velocity with which the Ball is] 

thrown toward the Stern ſhould be leſs than that! 

of the Ship, the real Motion of the Globe will be | 

forward, in the ſame Direction in which the Ship FR 

goes, but ſlower than it; for the whole Motion com- 

municated by the Ship will not be deſtroyed, and 

there will ſtill remain a Part of its former Motion, 

by which it will be carried forward, tho* not fo [7 

faſt as before, But the Paſſengers will perceive no 

ſuch Motion, but they will obſerve the Ball to be 

moved in a Line directly contrary to its real Mo- 

tion, with that very Velocity that it would have, 

were it thrown when the Ship is at Reſt: Hence 

it is plain, that Bodies may appear to have a Mo- 

tion directly contrary to their real and abſolute Mo- 

tion, 4 

An Obice. BUT ſome may object, that the Ball thus thrown, 

gin. will really hit the Stern of the Ship, and impreſs on 

it a conſiderable Blow, which it could not do, had 

it not a Motion towards the Stern. But this Dif- 

ficulty is eaſily removed; for tho* they that are Þ 

within the Ship ſee the Ball go and hit the Stern, | 

a Spectator without, who is not in Motion, will 

obſerve that the Bal] does not come upon the Stern 

and give it a Stroke, but that the Stern ruſhes up- 
on the Ball, and acts upon it with all it's Force: 

And the Force of the Stroke which each Body re- 

ceives, is the ſame as if the Ship had been at Reſt, 

and the Ball had fallen upon it with the ſame 
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Velocity that the Stern does really come againſt the Lect. H. 
Ball; for it is known from the Laws of Motion 
that if there be any two Bodies, A and B, equal Plate I. 
or unequal, the Force of the Stroke will be the Fig. 8. 


ſame, whether B with a certain Degree of Velo- 
city comes upon A, which is at Reſt; or if B ſhall 
be at Reſt, and A with the ſame Velocity ruſhes 
upon B; or if both Bodies move the ſame way, 
but A, moving faſter by its greater Velocity, gives 
B an Impulſe, the Force of the Stroke will be the 
ſame as if B were at Reſt, and A came upon it 
with the Difference of their Velocities, that is, by 
the Exceſs wherewith the Velocity of A is greater 
than that of B: Or laſtly, if A and B have con- 
trary Motions, and hit one againſt the other, the 
Greatneſs of the Stroke will be the ſame as if one 
of them ſtood ſtill, and the other came againſt it 
with the Sum of their Velocities. In one Word, 
whatever the real Velocities of the Bodies may be, 


ſo long as their relative Velocities, or the Velocities 


by which they approach each other, remain the 
ſame, the Force of the Stroke will likewiſe remain 
the ſame. Hence it is, that in a Ship, however 
ſwiftly it may fail, all our apparent Motions, and 
the Motions of every Thing in the Ship, do all ap- 
pear to be the ſame that they would, where the 
Ship at Reſt: And it is obſervable, that Flies and 
other Inſects keep the ſame Motion in regard to one 
another, whether the Ship is at Reſt, or fails uni- 
formly forward with any Degree of Velocity, let it 
be never ſo great. And it is univerſally true, that 
all Bodies that are ſhut up in any one Place, pre- 
ſerve the ſame Motions in regard to one another, 
and all Appearances will be the ſame, whether the 
Place remains unmoveable, or has a direct uniform 


Motion forward. 


I have brought theſe Examples, that you may 


© perceive how wide the Differences may be be- 
een real and apparent Motions, and how hard 
une to 
© cen, 


judge of real Motions, by thoſe that are 
By 
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Le. II. Br this it is evident, that if a Spectator were 
onnyennet placed in Jupiter, or Saturn, or any other of the 


Planets, he can never be made ſenſible of the Mo- 
tion of his own Habitation, no more than they who 


ſail in a Ship can perceive the uniform Motion g 


of the Ship. Paſſengers who ſail in Ships may 
indeed be very ſenſible of the frequent Toflingy 
and ſudden Shocks the Ships receive from the 
Waves and Wind, which they find exceedingy 
troubleſome to them. But the Planets, which com- 
poſe a Celeſtial Fleet, are not liable to any Storm; 
they without any Diſturbance or Commotion cir- 
culate in their Orbits, and fail, as it were, in a 
moft Pacifick Ocean, which is continually calm and 
ſerene. 


LECTURE III. 
Of the Syſtem of the World, 


E have ſhewed, that according to the 
different Situation and Motions of the 
8 V Spectator, the Appearances of Things 
5 will be very various and different. 
phat we may have a more diſtin 
Knowledge of the Fabrick. of the 


World, and that the admirable Beauty of the Uni- 


verſe, . and the harmonious Motions of the Bodies 
therein contained, may be more eaſily underſtood, it 
will be requiſite, that that Divine and Immenſe 
Fabrick ſhould not be obſerved from one Point or 
Corner only: But as in viewing of large Palaces, we 
take the different Proſpects they afford from ſeveral 
Places; ſo here, to have a true and juſt Notion of 
the World, we muſt ſuppoſe it to be obſerved in 
different 
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different Situations and Diſtances, that by contem- Lecture 
plating the various Proſpects it gives us, and com- III. 
paring them together, we may obtain at laſt a diu?“ 
tint Knowledge of this immenſe Palace of God Al- Hs 

mighty, and have an Idea or Image of it impreſſed on 
our Minds, which is worthy of its inhnitely wiſe 
Architect. 

Ix order to underſtand therefore the Heavenly Bo- 
dies, their Motions, and Appearances, which are 
called Phænomena, we muſt feign ourſelves not to 
de Inhabitants of this Earth, and fixed to one Ha- 
bitation, but ſuppoſe we have the Power of Tra- 
velling every-where, thro* the immenſe Regions of : 
indefinite Space: And therefore we will ſometimes We may 
take Poſſeſſion of ſome immoveable Place; from a e 
thence we will transfer ourſelves to the Sun, to ob- ee 
ſerve the Regularity and Harmony of the Motions De” ped 
which are to be ſeen from thence; afterwards we Paſſage, 
will take a Journey to ſome other of the Planets, through all 
that we may, from them, obſerve the apparent Mo- the Parts 
tions of the Heavens; nor will we confine ourſelves the Uni- 
within this Planetary Syſtem, but we will aſcend ver/e, and 
much higher in the Heavens, and view the World , Palſing 


from a Comet or fix'd Star. from one 
Star to 


another, 


Me, thi) from Heav'n remote, to Heav'n will move 
With Strength of Mind, and tread th' Abyſs above : 
And penetrate, with an interior Light, 

Thoſe upper Depths, which Nature hid from Sight, 
Pleas d we will be to walk along the Sphere 

Of ſhining Stars, and travel with the Year. 

To leave this heavy Earth, and ſcale the Height 
Of Atlas, who ſupports the Heav'niy Weight : 

To look from upper Light, and thence ſurvey 
Mitaken Mortals wand'ring from the Way. 


OVID's Metamorphoſis, Book XV. 
C : Now 
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Lecture Now, tho' our Bodies, by reaſon of their Gra. 
III. vity towards the Earth, are detained, as it were, 

| 4 Priſoners in this earthly Manſion ; yet nothing hin- 
ders, but that, with our Mind and Imagination, 

we may wander through all the Heavenly Regions, 

and from them contemplate, with the Eyes of our 

Reaſon, the whole Syſtem of Nature. Nor do I fe 

how this Liberty of Imagination can be denied us, 

which was always allowed to the A/{ronomers of al 
Ages; for they, to obſerve the equal Motions of 

the Heavens, thruſt the Spectator down to the Cen- 

ter of the Earth, and ſuppoſed that the Heavens 
were viewed from thence, as from the Center of 2 

cryſtal Glale. An Aftronomer thinks it no great Con. 

ceſſion or Paſtulatum, that he can draw a Line from 

the Sun to the Center of the Earth; and from thence 

again to any Planet or Star. He divides the Hea- 
vens with his Circles, and marks out the Ways of 

the Planets ; and indeed without ſuch a Licence he 

could never have brought Afronomy to any Degree will 

of Perfection. he / 

As therefore it was a Cuſtom among the Are. than 

nomers, to place the Eye in the Center of the Earth, Whxcd 

to view from thence the apparent diurnal Revolu- Weonc: 

tion of the Heavens; which would from thence be Clou. 

feen an equable Motion: We will on the contrary, ¶be ju 

carry the Spectator to ſome immoveable Place in f the 

the Heavens; that the real and abſolute Motions their 

may be obſerved from thence, as much as they can {ator 

be, equable and uniform, For the Aſtronomers of or in 

all Sects do agree, that the Motions of the Planets Wren 

are in themſelves ſimple, regular, and uniform: on by 

But when the Heavens are viewed from the Surface {Mrcrle, 

Th planet; Of the Larth, or even from its Center, the Planets NCente 
ſeen from feem to be carried by very unequal Motions, and WWPodic 
the Earth, not to obſerve any regular Courſe ; and therefore A 
have une- We may certainly conclude, that our Earth is not Nie loc 
qual, and placed in the Center of their Motions. He there- face t 
irregular fore that would obſerve the real and proper Mo- Eye; 
Actions, tions of theſe Celeſtial Globes, muſt firſt place ſable 
himſclf Merery. 


. ͤx . ² A noorimaimmgs,. 


ſtanc 
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Gr. himſelf in the Center of the Sun, or in ſome Point Lecture 


were, Nor Space not far diſtant from it; and then let him III. 
bin- Nronſider what will be the Appearances or Phænomena 
ation, > will behold from thence, | 
zions, | AxD, firſt, it is to be noted, that where-ever TheSp:4a- 
f our Withe Spectator reſides, he will ſtill be in the Center of tor 7s al- 
I fe: Mis own View); for in an Indefinite Space, where ways in the 
d us, {there is nothing to bound our Proſpect, all Objects Center of 
of all ; hat are at a great Diſtance from us, tho* they be 77 © 
ns of Wet immenſe Diſtances from one another, yet, if they . 
Cen- ppear in the ſame right Line which paſſes through 


avens the Eye, will be ſeen at the ſame Point of Space; 
r of 2 Hund all Bodies will appear equally remote, when their 


ever 


* . 


Con- 1 iſtances from us become ſo great, that the Eye 
from ¶ cannot eſtimate or judge of them: And conſequentl. 
thence the Spectator will look upon them all as placed in 
Hea- the Surface of a Sphere, which has the Eye for its 
ys of Center, and whoſe Surface is at an immenſe Di- 
ce he Iſtance, in which Surface all the heavenly Bodies 


will ſeem to perform their Motions, Thus, tho 
he Mean be many Millions of Miles nearer to us 
than the Sun, and he again much nearer than the 
fixed Stars, yet all appear as placed in the ſame 
oncave Surface of the Heavens: And even the 


Jegree 


Aſtra: 
Earth, 


evolu- 


ace be Clouds, which are but a few Miles above us, would 
trary, Ibe judged to be as far diſtant as the Moon and Sun, 
ace in if they did not ſometimes cover them and obſcure 
lotions their Light. In whatever Place therefore the Spec- 
ey can {Wtator reſides, whether it be in the Earth, or the Sun, 
ers Of er in Saturn, the furthermoſt of the Planets, or 


Planets Mrven in a fixed Star, that Place will be looked up- 
form: Mon by its Inhabitants as the middle Point of the Uni- 
urface Nrerſe, and the Center of the World; fince it is the 
lanets enter of that Spherical Surface in which all diſtant 


and Bodies ſeem to be placed. 


9 


erefore A Spectator therefore living in the Sun, when Th, Pro- 
is not Ne looks towards the Heavens, will obſerve its Sur- ſpect of the 
there - face to be ſpherical-concave, and concentrical to his Morid 

r Mo- ye; in which Surface he will obſerve an innume- from the 
place Nrable Multitude of Stars, which we call Fixed, Center of 

umſclf erery-where diſperſed throughout the whole Hea- he Sun. 


C 2 vens, 
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Lecture vens, which, like ſo many gilded Studs, with: 
III. bright Luftre adorn the Firmament. Theſe Stan 
we call Fixed, becauſe, as ſeen from the Earth 
they preſerve the ſame immutable Poſitions and Di. 
ſtances from each other; and fo from the Sun like. 
wiſe, they will appear always to retain the ſame 
Situations in reſpect of one another, nearly as the 
are obſerved to have when ſeen from the Earth, 
The im- For their Diſtance either from the Earth or Sun i; 
menſe Di- ſo great, that the little Change of Place, (however 
france of great it be, when compared to our common Mes. 
the fixcd fures) which is made by bringing a SpeCtator from 
2 from the Earth to the Sun, will fcarcely make any Chang 
eve Sun. in the viſible Situation of the Stars. Now, tho” the 
fixed Stars ſeen from the Earth do always preferve 
the ſame Diſtances, Poſitions and Situations in re- 
ſpect of one another, yet in reſpect of the Eye wi arth 
The Stars obſerve them to change their Poſitions, and ſome- ers“ 
change times they ſeem to mount higher in the Heavens, Hens 
_—  Pofi- and to come more perpendicularly over us; then Vay 
% mM % they deſcend again, and appear to turn round nt v 
R# of the Circles, ſome in greater, Lins in leſs, about an 
Spectator . 1 a 
* Axis which is the Axis of the Earth: And thi 
Circumvolution of theirs is every Night to be ob- 
ſerved from the Earth; but whoever would view 
them from the Center of the Sun, would percene 
them abſolutely immoveable, and always abiding in 
the ſame Place of the Firmament. And this Ap- 
pearance will be the fame, whether the Stars do 
really reſt in the fame Place; or whether the Hes. 
vens, in which the Stars are placed together with 
the Sun, revolved round the Axis of the Earth : For 
if there were really any ſuch Revolution of the He- 
vens, a Spectator in the Sun would have that Mo- 
tion in common with the Stars; and therefore he tio 
could be no more made ſenſible of it, than a Pa. the 
ſenger · in a Ship can obſerve by his Senfes the Courk if” th. 
and Motion of the Ship. 4 
BESID ES the innumerable Stars at Reſt, ther be 
are Six other ſhining Globes to be obſerved, which to 
perform their Circulations round the Sun, in very Herd 

. different 


= 
| 
| 


22 | 
Lecture ſhould remove from the Sun, and riſe above th 
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Planes of all the Orbits, in a Line perpendicular «| 
the Plane of the Earth's Orbit ; and, for Example 
Sake, let us ſuppoſe him to riſe ſo high, as that hi 


Diſtance from the Sun may equal the Earth's 


tance from it, and let him there make his Aſtronomi. 
cal Obſervatory : From thence he will not only cb. 
ſerve the ſame fixed Stars in the ſame Poſition 2 
before, but he will fee both Sun and Planets in tie 
Heavens: The Sun indeed will appear like the fix 


Dif. 


Stars, immoveable; but the Planets will be ſeen 9 


turn round in leſſer Circles about him, at very 


dif. 


ferent Diſtances, and in different Periods : They 
who finiſh their Circuits ſooneſt, are ſeen neareſt 9 
the Sun, and the Circles they move 1n are the leaf; 
they who take a longer Time in revolving, deſcribe 
larger Circles, and are further removed from the 


The Order Sun; and the Order of the Planets will be ſuch 


of the Pla- as is repreſented in Figure 1, Plate II. Where the 
Sun remains unmoved in the Center of all the Or- 
bits ; round about him fix Planets make their Re- 
volutions, viz. Mercury, Venus, the Earth, Mars, Fi- 
| piter, and Saturn, all from the Veſt to the Ef, 
Plate IT. according to the Order of the Letters A B CD. 
Mercury is next the Sun, and finiſhes his Courſe 
in three Months: Venus, in an Orbit ſomewhat 
larger, performs her Period in eight Months: Be- 
yond the Orb of Venus, is that of the Earth, which 
revolves round the Sun in the Space of a Year: 
Mars takes two Years to complete his Circuls 
tion: And Fupiter, at a much greater Diſtance, 
does not finiſh his Revolution till after twelve 


nets. 


Fig. 1, 


The anti- 


ent Pytha- which was 
gorean Sy- 


fem. 


Years: The furthermoſt and ſloweſt of all is Saturn, 
whoſe Orbit includes all the others, and require 


not much leſs than 30 Years to complete his Courſe, 
TH1s was the antient Syſtem of the World, 


at firſt introduced into Greece by the 
great Pythagoras, and his Diſciples, who had learnel 
it from the wiſe Men of the Ea, to whom, as t0 


an Univerſity, they then all reſorted for Inſtruction. 


*Tis true, the other apparent Syſtem, which 


ſup- 
poſes 
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ove th 


poſes the Earth immoveable, and the Heavens to Lecture 

cular u revolve about it, was received among the vulgar and III. 
cample(WY illiterate Part of Mankind; yet the Philoſophers - 
that hu retained the true Syſtem, *till Ariſtotlæ, and the Phi- 
1's Dic loſophers that came after him, degenerating from 
tronen. their Predeceſſors, and not being acquainted with 
nly ob WF true Philoſophy, embraced the common Syſtem of 
ition the Vulgar: So that the antient Syſtem was forgot, 
in tie and not minded, *till the Time of Nicolaus Caper- 
he fixei I nicus, who again brought it to, Life, and retrieved 

ſeen it from Oblivion, and eftabliſhed it by ſolid Argu- 
ery dig ments and Reaſons : Whence this Syſtem is now cal- 
: Tho led the Copernican Sy/ftem. After the Invention of 
eareſt u Teleſcopes, the Secundary Planets, with many new 
he leaſt; ¶ and unthought of Appearances, were obſerved in 

deſcndeſſ the Heavens by the Afronomers, which did wonder- 
rom de fully inlarge the antient Syſtem, and confirm'd it 

be ſuch with invincible Demonſtrations. | £ 
here the Ir a Spectator ſhould with a Teleſcope more The Pla- 
the Or. nearly view the Planets, he will ſoon find, that they ers are o- 
heir Ne: are ſpherical Bodies, and opake, like our Earth ; Poe He. 
275, Ji; having no proper Light of their own, but that they 2 wy 
be Ef, ſhine with the borrowed Light of the Sun ; for that ** 

B CD. Side of them which is turned towards the Sun, is 

Courſe always illuminated; and it is by the reflected Light 

mewhat WE of the Sun, that they become viſible : But the Side 

hs: he. oppoſite to the Sun, which the borrowed Rays can- 

„Which not reach, remains dark and obſcure. And beſides 

| Year: Bf this, as all opake Bodies do, the Planets caſt a Sha- 

Circul- WF dow behind them, which is always oppoſite to the 

ſtance, WF Sun, The Line in the Planet's Body, which di- 

twelve WF flinguiſhes the lucid Part from the obſcure, appears 

; Saturn, ſometimes right, ſometimes crooked: And it is 

requir WM ſometimes convex towards the ſplendid Part, and 

Dourſe. WM concave on the obfcure; ſometimes, on the con- 

Worlo, I trary, it appears convex towards the obſcure Side, 

by t1-B and concave towards the ſhining Face of the Planet, 

learned ¶ according to the different Situation of the Eye in 

1, as 08 reſpet of the Planet, and of the Sun which illu- 

ruction. I ftrates the Planet; which different Poſition is like- 

ch ſup- | C4 wiſe 


poſes 


* 
N 
: 
: 
i? 


| 
| 
| 


24 ASTRONOMICAT, 


Lecture wiſe the Cauſe why ſometimes we fee a greater, 
III. ſometimes a leſſer Portion of the illuminated Face; 
as it ought to be in ſpherical opake Bodies, which 
are expoſed to the bright Light of the Sun. 
The Secun- THREE of the Planets, viz. The Earth, Fuji. 


dary Pla- ter, and Saturn, have other lefſer Planets, which! 
nets, continually accompany them; theſe are called Se. 


cundary Planets, Moons or Concomitants ; for they 


conſtantly keep cloſe to their reſpective Primaries, 
and always attend upon them in their Circulation 
round the Sun; and in the mean Time each of 
them performs his proper Revolution round his 
proper Primary. The Earth indeed has only the 
The Earth on to keep her Company, who never forſakes her 


is accom- in her annual Courſe round the Sun, and while ſhe 


panied by attends upon us, ſhe performs proper Circulations | 
the Moon. of her own round the Earth, in the Space of x $ 


Month. 


THAT the Mom appears ſo large to us, and] 
ſhines ſo brightly beyond all the Stars, and in Big- 
neſs ſeems to equal the Sun, is owing intirely to 
her Nearneſs to the Earth; for a Spectator in the 
Sun would ſcarcely be able to obſerve her without 
a Teleſcope; and therefore, if ſhe were as far re- 
moved from us as the Sun, ſhe would be ſo ſmall, 


as ſcarcely to be viſible by an Eye that is not aſſiſt- 
ed by a Glaſs. | 
Jupiter's JurirER has four ons that attend him, which 
four at different Diſtances, and with different Periods, 


Moons. perform conſtant Circulations round him; that 


which is next to him, is no further removed than 
2% of his own Dizmeters, and turns round in one 
Day, eighteen Hours and an Half, The ſecond, 
at the Diſtance of 44 Diameters, deſcribes its Orbit 
in the Space of three Days, and thirteen Hours, The 
third is removed from Jupiter, ſeven of his Dia- 
meters, and finiſhes his Circulation in ſeven Days, 
four Hours. The furthermoſt completes his Period in 
the Space of 16 Days, 16+ Hours, at the Diſtance of 
12 Diameters of Jupiter. 
Se THESE 


reater, 


Face; 


Which 


Jui. 
which! 
ed Se. 


Ir they 


maries, 


zlation 
ach of 8 
id his 
ly the 


ces her 


ile ſhe 


lations 
> ofa 
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n Big- 
ely to 
in the 
ithout I 
ar re- 
{mall, 


 aſhiſt- 


which 
eriods, 
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A. 
IN 


Tuksz Jovial Planets were firſt obſerved by that Lecture 


noble Italian Philoſopher Galileus, by the Help of 


III. 


the Teleſcope which he firſt invented; and by them A.y 


he increaſed the Number of the Celeſtial Bodies, and 
called them Medrcean Stars, in Honour of the Dukes 
of Tuſcany, with whoſe Name he dignified them, 
By the Benefit of theſe new-diſcovered Worlds, 
Aſtronomy and Geography have received many particu- 
lar Advantages. 


SATURN performs his Courſe round the Sun Saturn has 
with no leſs than five Attendants, tho* moſt of them, ve 
by reaſon of their great Diſtance from the Sun, and Moons. 


the Smallneſs of their own Bodies, are not to be 
ſeen but hy the Help of very long Teleſcopes: The 
acute Eyes of Mr, Caſſini the French King's Aſtro- 
nomer, were the firſt that reached all that have been 
already diſcovered; and but of late they have been 
ſeen in Britain, by Means only of that Teleſcop 

which was given to the Roy AL SOCIETY. by * 
illuſtrious Mr. Hugens. The Diſtances of theſe Pla- 
nets from Saturn, and their Periodical Times, are 
as followeth: The neareſt completes his Revolution 
in one Day and 8, and is diſtant from Saturn's Cen- 
ter 43 of his Semidiameters. The ſecond revolves 
about Saturn in 2 Days 17 Hours, and the Semidia— 
meter of his Orbit is 5 1 of the Semidiameters of 
Saturn, The third finiſhes his Revolution in 4 


Days and 12 Hours, at the Diſtance of eight Semi- 


diameters. The fourth completes his Period in 16 
Days, and is diſtant from Saturn 18 of his Semidia- 
meters. The fifth and outermoſt takes 79 Days 
to finiſh his Courſe, and is 54 Semidiameters of Sa- 
turn diſtant from him, 


BesIDEs theſe Attendants, Saturn has an Orna- Saturn's 
ment peculiar to himſelf; for he is dignified with Ring. 


a Ring which ſurrounds his Middle, and does no- 
where touch his Body; but by an exact Libration 
and Equiponderancy of all its Parts, ſuſtains itſelf 
like an Arch; and being thus ſuſpended by Geometry, 
it is kept from falling upon his Body. The Dia- 
meter of this Ring is more than double of the Dia- 


5 meter 


Lecture meter of Saturn; and tho* the Thickneſs of this 
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Ririg on the convex or concave Side be but ſmall, 


— es it Breadch or Depth is fo great, that it takes 


up the Half of that Space which is between its out- 


ward Surface and the Body of Saturn, the reſt. of | 


Space remaining void : So that in proper Situations 


we can ſee the Heavens between the Ring and the | | 


Body. For what Purpoſe this admirable Ring wa 
made we know not; and, perhaps, we never may 
come to the Knowledge of it, ſince we find no- 
thing in Nature like it; but yet we cannot but ad- 
mire the Infinite Majeſty and Power of G OD, 
who in this our Age, has diſcovered and ſhewed 
us new and unthought of Inſtances of his Great- 
neſs. 


LECTURE IV. 


In which is proved that the Syſtem Ex- 


plained in the former Lecture, 7s the 
true Syſtem of the World. 


T may perhaps be objected againſt the 
FEE Syſtem of the World delivered in our 
laſt Lecture, that we feigned and ima- 
gined our Spectator carried up into 
Heaven, and from thence to have 
ſeen with his Eyes the Motions, Situ- 
ations, and Order of the Planets which we there 
explained, But this was only done in Imagination, 
and therefore being nothing but a Fancy or Fiction, 
the Syſtem we have given upon that Suppoſition, 
will be likewiſe only a Fiction or Hypotheſis, and 
may, not anſwer to the Reality of Things. Can 
there not, by the ſame Liberty of Fancy, any other 
Order of the Planets be ſuppoſed, and another 

| Syſtem 
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we, relying upon our Senſes, place the Earth in an 


nd 
Syſtem be given quite different from ours? Cannot Lecture 


IV. 


immoveable Poſition, and ſuppoſe the Sun and Pla- 


nets, and all the Stars, to move round it, as our 
Eyes teſtify to us that they do? And from ſuch Po- 
fitions cannot we explain all the Appearances of their 
Motions ? 

I anſwer, that altho' we fanſied our Spectator 
raiſed up to the Heavens, and from thence to have 
looked upon the Sun and Planets, yet the Order, 
Motions, and Poſitions of the Planets, which would 
be ſeen upon that Suppoſition, and which we ex- 
plained in the preceding Lecture, is no Fancy, or 
Fiction of the Imagination, but is as real, certain, 
and indubitable, as if a Spectator were there, and 


ſaw it with his Eyes. A true Afronomer feigns True A- 
nothing without ſolid and ſufficient Reaſons; he ſtronomy 
takes Nature for his Guide and Rule, and lays his admits of 
Foundations on Obſervations: He raiſes his Syſtem 25 Ficrions, 
upon Phyf:cal Cauſes, and invincible Geometrical or Hypo- 
Demonſtrations, with which, as with an indiſſolvi- Ten. 


ble Cement, he joins and binds the whole Fabrick 
together. The Hypotheſes of Ptolemy and Tycho may 
truly be called Fictions; for they have nothing in 
them but a bare Suppoſition, on which, without any 
Reaſon, they depend; and they diſtort and diſorder 
the whole Frame of Nature, But the true A/trons- 

is the moſt antient of all; for it was preſerved 
in the School of the Pythagoreans, to whom it was 
delivered by the firſt 4/tronomers, either Egyptians or 
Chaldeans : It has all its Parts fitly joined together 
in a moſt agreeable Harmony and Order; it leads 
us to the Knowledge of the Univerſe, and the won- 
derful Symmetry, Beauty, and regular Diſpoſition 
of all the Bodies that compoſe it. There is no- 
thing in Nature that does more ſhew the piercing 
Force of human Underſtanding, the Sublimity of its 
Speculations, and deep Reſearches, than true Aftro- 
nomy, It raiſes our Minds above our Senſes; and 
even in Con tradiction to them, ſhews us the true 
dyſtem of the World: The Faculty of Reaſon by 

= | which 
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Lecture which we have made theſe great Diſcoveries in the 
IV. Heavens, muſt needs be derived from Heaven, ſince 
— bo carthly Principle can attain ſo great a Perfection. 
And 22 the Origination of our Minds is from 
Heaven, it may be expected, that they will endea- 
your to return thither, and Heaven will become 
our final Habitation: We will here declare in few 
Words, ſome of the Ways by which the Mind 
arrived to the Knowledge of theſe heavenly Diſ- 
coveries. 
A Demon- FIRST, it is certain that where- ever the Sun be 
ration placed, the Orbit of Venus does ſurround him, and 
that the includes him within itſelf; and therefore Venus, 
Planets «hile ſhe deſcribes this Orbit, does really turn round 
2 uud the Sun; for Venus has been obſerved to be above 
i Sun. or beyond the Sun, ſometimes it has been ſeen be- 
low it, or between the Sun and us. That Venus aſ- 
cends above the Sun, is plain from hence, that when 
ſhe is in Conjunction with the Sun, that is, when 
ſhe is ſeen from the Earth, near the ſame Part of 
the Heavens that the Sun is in, her lucid Face ap- 
pears in a full and round Figure: For fince all the 
Planets borrow all the Light with which they ſhine, 
from the Sun, it is neceſſary that that Face of hers 
ſhould be lucid, which is towards the Sun, and that 
which is turned from him, be involved in Darkneſs; 
and therefore when ſhe ſhines with a tull and round 
Face, that Side of her which is towards the Sun, 
is alſo towards the Earth; and therefore, at that 
Time, ſhe muſt be above the Sun; for in no other 
Poſition, could her illuminated Face be towards the 
Earth, when ſhe is ſeen in, Conjunction with the 
Plate IT. Sun, In the Figure, let S repreſent the Sun, T 
Fig. 2. the Farth, and let Venus be in F or V, where ſhe 
can be ſcen from the Earth, in the ſame Part of the 
Heaven that the Sun is; and ſhe will appear to have 
2 full and round ſhining Face ; becauſe that Side of 
ker which is illuminated, and is towards the Sun, is 
likewiſe turned towards the Earth; and therefore the 
Place of Venus, in that ' Caſe, muſt neceſſarily be 
above the Sun. That Venus is alſo ſometimes oo 
| ow 
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from hence; that ſometimes, when ſhe is in Con- 


29 


low the Sun, or between the Sun and us, is evident Lecture 


IV. 


junction with the Sun, ſhe either quite diſappears, or, 2 


if ſhe is viſible, ſhe appears horned, and takes ex- 
actly the Shape of a new Moon: And therefore that 
Face of hers which is towards the Sun, either is 
wholly turned from the Earth as in G; or only a 
very ſmall Part of the illuminated Face towards the 
Earth; and can be ſeen by its Inhabitants, as in , 
in which Caſe ſhe aſſumes a horned Figure as the 
Moon does; and, therefore at that Time, ſhe muſt 
of Neceflity be placed between the Sun and us, and 
come lower or nearer to us, than the Sun is. Once 
Vinus was ſeen within the Body or Disk of the Sun; 
but there was but one Man who had the Happineſs 
to be Witneſs of the Sight, our Country-Man Mr, 
Herrox, who in the Year of Chriſt 1639, obſerved 
it with his Teleſcope to enter upon the Body of 
the Sun like a black Spot. This is a Sight which 
can ſeldom be obſerved; for it will not be ſeen a- 
gain in the Sun's Body, *till the Year 1761, upon 
the 26th Day of the Month of May in the Morn- 
ing; at which Time all our Afrenomers will, no 
doubt, be buſy in making their Obſervations ; for 
by them our Diſtance from the Sun can be nearly 
determined, which before that Time is not eaſily to 
be aſcertained. Beſides this, Venus is always ob- 
ſerved to keep near the Sun, and in the ſame Quar- 
ter of the Heavens that he is; for ſhe never recedes 
from him beyond a certain Diſtance of about 45 
Degrees; ſo that ſhe never comes in Oppoſition to 
the Sun, or to be ſeen in the Ea/? when he is in 
the Net; nay, ſhe never attains or arrives at a 
Quartile Aſpect with him, or to have a fourth Part 
of the Heaven between her and him, which would 
neceſſarily happen, did ſhe perform her Period round 
the Earth either in a longer, or ſhorter Time, than 

the Sun does. | 
AFTER the ſame Manner Mercury always keeps 
himſelf in the Neighbourhood of the Sun, and 
never recedes from him ſo far as /inus does: He 
"2 hides 


The Ap- 


pearances 
of Mercu- 
ry are like 


thoſe of 


Venus, 
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Lecture hides himſelf ſo much in the Splendor of the Surr; 
IV. Rays, that he is but ſeldom ſeen by us on the Earth; 
but ſince the Invention of Teleſcopes, he has been 
frequently obſerved, when in Conjunction with the 
Sun, to paſs under his Disk like a black Spot, as 
Venus was ſeen by Mr. Horrax: The exceeding | 
Brightneſs by which Mercury outſhines all the Pla- 
nets, does evidently prove him to be much nearer 
the Sun than any of the reſt; for the nearer an 
Body is to the Sun, the greater is the Illuſtration it 
receiveth from him, From all this it is evident, 
that Mercury does likewiſe go round the Sun in a 
leſſer Orbit, included within the Orbit of Yenus ; 
which therefore muſt neceſſarily be his Place, for no 
bother can be aſſigned him. 

The Orbit Maxrs is not like Mercury and Venus ; for he of- 
of Marsin- ten comes in Oppoſition to the Sun, and appears to 
cludes the riſe in the Eaft, when the Sun ſets in the Viſt; 
Sun Wwith- and therefore his Orbit includes the Earth within 
lik EO it, and not only the Earth, but it neceſſarily in- 
the Earth, udes the Sun likewiſe ; for Mars, when he is ſeen 
near the Conjunction with the Sun, if he were be- 
tween the Sun and Earth, would either quite dil- 
appear, or appear horned in the ſame Shape that 
Jenus and the Moon have in that Poſition ; but he 
always preſerves a full, round, and ſhining Face, 
except near his Quadrat Aſpect, that is, when there 
is about a fourth Part of the Heavens between the 
Sun and him; then he is obſerved to be ſomewhat 
gibbous, like the Moon, three or four Days before 

or after the Full, 
Plate IT LET S repreſent the Sun, T the Earth, and the 
Circle MNP R the Orbit of Mars; it is plain 
that Adars, in both M and P, muſt ſhine with 3 
full Face upon the Inhabitants of the Earth, becauſe 
that in both theſe Poſitions his Face, which is to- 
wards the Sun, and by it illuminated, is likewiſe 
towards the Earth: But in N and R, he will appear 
a little gibbous or deficient from Full. Beſides, 
Mars, when he is ſeen in Oppoſition to the Sun, 
looks almoſt ſeven times larger, in Diameter, than 
Wen 


Fig. z. 


un; BY when he is near to a Conjunction with him; and Lecture 
therefore he muſt needs be ſeven times nearer to IV 
the Earth in the one Poſition than in the other. 
Fram hence it 'is -plein, that tho' the Earth lim = VP 
within the Orbit of Mars, yet it is not near to the 
Center of his Orbit: But Mars always keeps nearly The Earth 


Pla. Nat the ſame Diſtance from the Sun, and therefore il nt inthe 
arer it is evident, that it is not the Earth, but the Sun, Center of 
any iich Mars reſpects as the Center of his Motions : Mas'sOr- 

nit For Mars feen from the Earth appears to move bit. 

lent, very unequally, ſometimes to go faſter, ſometimes 
in a flower; ſometimes he ſcarcely ſeems to move at a 

ns ; and (ſometimes he even goes with a backward Mo- 

r no tion; whereas a Spectator in the Sun would always 

ſce Mars go forward in the ſame uniform Tenor: 

e of. And therefore it is moſt evident that the Sun is the 

rs to Center, and not the Earth, of Marss Motions. 

en; Again, fince the fame Appearances are obſerved in 

ithin Jupiter and Saturn, as in Mars, (though the Diſ- 

in- proportion or Difference of the Diſtances is not ſo 

ſeen great in Jupiter, as in Mars; nor ſo great in Sa- 

\ be. turn, as it is in Jupiter) and the Motions of theſe The ſame 
dif. two Planets are no ways uniform round the Earth; Appear- 
that yet from the Sun their Motions will be ſeen to be 4nces of 

it he {regular and orderly : It is plain from hence, that the Jupiter 

Face, I Sun and not the Earth, is in the Center of all the 2 Sa- 

there Orbits of the Planets. The Place of the Earth we urn.. 

| the have demonſtrated to be without the Orbits of Mer- 

what cu and Venus, and within the Orbit of Mars; and 

fore I therefore its Place muſt necds be between the Orbits 

of Venus and Mars: And from thence it follows, 

d the chat the Earth itſelf muſt turn round the Sun; for 75, Earth 
plain it it ſtood ſtill, fince it lies within the Orbits of the ue i: 

ith 2 f uperior Planets Mars, Fupiter, and Saturn, we an Orbit 

cauſe might indeed obſerve the Motions of thoſe Planets round the 

s to- from the Earth, to be very unequal and irregular ; Sun. 


dut they would never appear to ſtand ſtill, or to go 
ppear backward, ſo long as the Orbits themſelves are qui- 
des, eſcent, as we demonſtrated in our firſt Lecture. 
Sun, I Since therefore the Stations and Retrogradations of 
than theſe 
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Lecture theſe Planets are obſerved from the Earth; and 


IV. 


ſince the Poſition of the Earth, or Place that it ob- 


ny tains in the Syſtem, is in the Middle of the movea. 
ble Bodies, having Mercury and Venus on one Side 


A Demon- 


nearer to the Sun, and Mars, Fupiter, and Saturn, 


on the other Side more remote; it being of the ſame 
Nature as they are, muft likewiſe have the ſame 
Sort of Motions ; and as the Earth is in the middle 
Place between Venus and Mars, fo its Period like. 
wiſe, in which it performs its Courſe round the 
Sun, is alſo a Mean between the Periods of Yen; 
and Mars, being greater than the one, and leſs 


than the other: For Venus deſcribes her Orbit in 
eight Months; the Earth in a Year; but Mar; 
takes near two Years to finiſh his Courſe. 

THERE is another Demonſtration of the Earth's 


ration of Motion drawn from Phyſical Cauſes, for which we BR 
the Earth's are indebted to the admirable Diſcoveries of the 


Motion. 


incomparable Sir Is AA N EWTON: He has de- 4 
monſtrated, that all the Planets gravitate towards I 


the Sun: And Obſervations teſtify to us, that either . 


the Earth turns round the Sun, or the Sun round 
the Earth, in ſuch a Manner as that they deſcribe 
equal Area's in equal Times. But Sir Is AAc has 


demonſtrated, that whenever Bodies turn round . 


each other, and regulate their Motions by ſuch Law, I 
the one muſt of Neceſſity gravitate to the other ; 
and therefore, if the Sun in its Motion does gra- 
vitate to the Earth, Action, and Re- action being 
equal and contrary, the Earth muſt likewiſe gravi- 
ate to the Sun, He has likewiſe demonſtrated, that 
when two Bodies gravitate to one another, with: 
out directly approaching one another in right Lines, 
they muſt both of them turn round their common 
Center of Gravity, The Sun and Earth therefore 


do both turn round their common Center of Gri- 


vity. But the Sun is ſo great a Body in reſpect of 
the Earth, which is but a Point, as it were, in com- 


pariſon of the Sun, that the Common Center cf | 4 


Gravity, of the Earth and Sun, muſt lie within 
the 
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and 

.. de Body of the Sun itſelf, and not far from the 

whe Center of the Sun 5 The Earth therefore turns round * 

e Side a Point which is within the Body of the Sun, and hd 

OO therefore turns round the Sun, This Argument, 

ane drawn from Phyſical Cauſes, I take to be unan- 

ſame lf ſwerable. 

middle COMPARIN G the Periods of the Planets, Or 

like. the Times they take to finiſh their Circulations, 

d the with their Diſtances from the Sun, we find they ob- 

Vn ſerve a wonderful Harmony and Proportion to one A wonder. 

d le another; for the nearer that any Planet is to the ful Harmo- 

bit in Sun, the ſooner does he finiſh his Circulation, and y obſerved 

Ma his Motion is the quicker: And in this there is a between 
conſtant and immutable Law, which all the Bodies 47. Periods 

7arth's of the Univerſe inviolably obſerve in their Circula- 76e Pla- 

ich we! tions; dix. That the Squares of their Periodical 5 and 

5 Times are as the Cubes of their Diſtances from the their Di- 

my enter of their Orbits, about which they perform their 1 ; 

Ne" : Motions regularly. The moſt ſagacious Kepler was 00 F 

. 0 the firſt who diſcovered this great Law of Nature in : 

round ll the Primary Planets ; afterwards the Aſtronomers 

eſcribe obſerved, that the Secondary Planets did likewiſe re- 

re gulate their Motions by the ſame Law; and that 

5 . the two Syſtems of Bodies revolving about Ju- 

1 ; ; uk and Saturn, this Rule is conſtantly obſerved, 

other ; at the Squares of their Periodical Times are as 

es gra- 4 = Cubes of their Diſtances from their reſpective 

being rimaries, Thus the Aon or Satellite that is next 

gravi- of 7 prey” „is diſtant from Jupiters Center 24 of 

4, that uptter's Diameters, and he performs his Period in 

with i * The outermoſt Satellite deſcribes his 

Tins e Hours, Say therefore, as 1764 the 

ommon Pe of 42, is to 161604, the Square of 402; 

zerefore 0 is rg the Cube of 23, to a fourth proporti- 

f n- nal Number, which, by the Golden Rule, will be 

ſpect of ound nearly 37189; out of which Number ex- 

a com- ract the Cube Root, and we have or 12+ for 

"ter .of l-. Diſtance of the furthermoſt Satellite from Ju- 


Within 
the 


iter. Now the Obſervations of all Aftronomers con- 
pum, that this is the on Diſtance of that Satel- 
lite 
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Lecture lite from the Center of Jupiter, and the fame Thing 
IV. is to be obſerved in all the reſt, as likewiſe in the 
pm Satellites of Saturn. 


TE Reaſon of this Law was unknown to A. * 
pler, for he found it out only by Computation, com. 8 

paring the Diſtances of the Planets with their Pe. 
Sir Tfaac riods. But the Glory of inveſtigating from its pro. a 
Newton per Caufe, and demonſtrating the Phyſical Neceſfity 8 
firſt diſco-- of this Law, was reſerved for the Great Sir Isa acl 8, 
wered the NEWTON, who has demonſtrated, that without i Ci 
Reaſon and total Subverſion of the Laws of Nature, no oth« * 
Cauſe of Rule could take place in the Circulations of tle 85 
this Har- Heavenly Bodies. 1 
92 SINCE therefore all A/fronomers do unanimouſly BW u 

agree, that the Law we have above explained, 

conſtantly obſerved by 14 great Bodies, of whic BW nei 
there are more than one that turn round a com. are 
mon Center, viz. five Primary Planets and nine are 
Secondaries: And ſince the Moon turns round tell or 
Earth, if the Sun did likewiſe perform his Circus hay 
round it, according to this Law of Nature, th BW lixe 
| Min and Sun ought to regulate their Motions ü wit 
the fame Manner; and therefore ſince the Hu able 
finiſhes her Courfe in 27 Days, and the Sun in 30 of + 

and the Diſtance of the Moon is known to be abou 


bo Semidiameters of the Earth; if we fay, as 70 
the Square of 27 is to 133225 the Square of 365, {i 
is 216000 the Cube of 60 to another, which will be 
3947 325 1, the Cube Root thereof being 340, ought 
to expreſs. the Diſtance of the Sun from the Earth 
provided he governed his Motion by the ſame Lav 
that all other Bodies do. Now the Aftronomm 
prove, by invincible Reafons, that the Sun is more 
than 3o times further from the Earth than 340 &. 
midiameters of the Earth; for it cannot well be 
+ ſuppoſed ſo little as 10000 Semidiameters : Accor 
ing to which Diſtance it could not turn round tht 
Earth in leſs than 164 Years, if it obſerved tl 
ſame Law which all other Bodies do, | 


Now 
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Now it is certain that the Sun does either turn Lecture 
round the Earth, or the Earth round the Sun, once IV. 
in a Year, But if the Sum ſhould be made to turn 


Thing 
in the 


o A round the Earth, the univerſal Law of Nature If eb Sun 
om. would thereby be vioalated, the Harmony and Pro- turned 

ur Pe. portion of the Motions deſtroyed, and a Confuſion 79und the 

ts pro- and Diforder introduced into the Frame of the Uni- Earth, this 
cclity BY yerſe. But if the Earth be made to go round the Harmoni- 


cal Rule 
Twould not 


univerſally 


SAAC 
hout : 
Other 


Sum in the Space of a Year, it will then perform its 
Circulation according to the ſame Law which the 
other Planets obſerve ; and without the leaſt Excep- 


of the tion there will be a moſt heautiful Order and Har- Pn 
mony of Motions every-where preſerved thro' the 

moul whole Frame of Nature. 

ied, | As we diſcover the mutual Relations and Like- Ye Sun 


Which! 


neſs of Nature that is in the Planets, in that they and fixed 
com- 


ne like our Earth, Opake, Spherical Bodies, which Stars are 


1d nine are illuſtrated and ſhine with the borrowed Light Bodies of 
nd tie Jof the Sun, round whom they all circulate, as we *7* ſame 
Circus have ſaid, with a regular Harmony- and Order : So Nature. 
re, tit BY likewiſe the Sur and all the fixed Stars which ſhine 

a" u with their own native Light, and remain immove- 

e 0, 


; able in their Places, are to be conſidered as Bodies 
in 3B of the ſame Kind and Nature. The Reaſon why 


De about our Sur appears to us ſo great and bright in com- 


as 7M pariſon of the Stars, whoſe weaker Light diſap- 
305, e pear as ſoon as the Sun begins with his Beams to 
1 will be refreſh and illuſtrate our Habitation, is, that the 
, ougt Earth, at an immenſe Diſtance from all the reſt 


e Earth 


Lal of the Stars, keeps near to the Sun, round whom 
me LAV 


ihe always circulates ; for a Spectator placed as near 


onen ny of them as we are to our Sun, would ſee a 
is Mo Body as big and bright as the Sun appears to us, 
340 K end every Way like our Sun, A Spectator as far 
well YBWiifant from our Sun as the fixed Stars are from us, 
Accori-Bould obſerve our Sun as ſmall as a Star, and, no 
ound ti loubt, would reckon the Sun as one of them in 


rved th Numbering the Stars. All the fixed Stars therefore 


pre Suns, and the Sun differs in nothing from a fixed 
diar, 


Non 
D 2 ALTHO! 
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Lecture ALTHno' the Earth is at ſuch a Diſtance from Wl d 

IV. the Sun, that if it were to be ſeen from his Body, T7 
itt would appear no bigger than a Point; yet that I 
| Diſtance is ſo very ſmall in compariſon of the ex- it 
The Di- ceeding great Diſtance of the neareſt fixed Star, 8. 
ance of that if the whole Orbit, in which we tave ſaid the 1 
the fixed Earth moves round the Sun, were ſeen from a Star, as 


Stars from jt would appear likewiſe no bigger than a Point, A 

the Sun is For the Angle under which the whole Diameter of n. 

immenſely the Earth's Orbit appears, is ſo very ſmall, that our 7 

COPY: quickeſt and moſt ſharp-fighted Aſtronomers can WW bi 

than that f 

of the (l carcely obſerve it. They who have been moſt di. to 

Earth. ligent in obſerving this Angle, (which they call the &. 
Parallax of the great Orbit, that is, of the Orbit 

in which the Earth moves) have always found it u jet 

be leſs than a Minute; and therefore the fixed Stan th 

muſt be at leaſt 10000 times further from us, than fo! 

we are from the Sun. = op 

HENCE it follows, that tho' the Earth a> tv 

proaches nearer to ſome fixed Stars at one Time d &. 

the Year, than it does at the oppoſite Time, an un 

that by the whole Interval of the Diameter of it WW O: 

Orbit, the Stars will not upon that Account ſeen no 

bigger when it is. neareſt to them, nor will tie Di 

viſible Poſition of any two Stars be ſenſibly change ter 

by the Motion of the Earth. For even here Ser 

Earth, if there be two Towers that are near 0 anc 

one another, if they are to be ſeen by a Spectat Wl Sur 

who is ten Miles diſtant from each, if this Spec Mi 

tor approach nearer to them only by one Pac for 

which is the ten thouſandth Part of the Diſtance, WH neſ 

he only appr-aching by fo ſmall a Space, can nf St 

ways perceive the Towers bigger, or their Diſtance ] 

from one another greater. After the ſame Manne tud 

the Earth approaching a fixed Star, and comin; i Me 

nearer to it by the ten thouſandth Part of the D nea 

{tance between the Earth and it, a Spectator oF the 

the Earth, upon the Account of ſo ſmall a Chanę be 

of Place will not find thereby any ſenſible Diffe- nin! 


once either of the Magnitude or Poſition of the. S and 


HEN. 
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| HENCE it follows, that if the Sun were as far Lecture 
from Bl diſtant: from us as the Stars are, that is 10000 Se- IV. 


Body, mediameters of the Earth's Orbit, it would appear 
t that 10000 times leſs, or under a ſmaller Angle 4 

ne ex- it does now. Now the Angle under which the 

Star, Sun appears to us, is about half a Degree or 30 

aid the Minutes; if the Sun were removed as far from us 

a Star, as the fixed Stars are, he would be ſeen under an The Argl. 
Point Angle of but the thouſandth Part of three Mi- ander 
eter of nutes; that is, under an Angle no bigger than ten which the 


at our Thirds, which is altogether imperceptible ; and no Sun <vou/d 


cin bigger would the Angle be under which a Specta- pear. /cen 
oft di- tor placed among the fixed Stars would obſerve the um a fix- 
all the Sun, | ed Star, 


AGAINST this Poſition of ours ſome may ob- Olje&;on. 
ject, that if the Diſtance of the Stars be ſo great, 
they themſelves muſt be vaſtly larger than our Sun; 
for they cannot, according to them, be leſs than a 
Sphere, whoſe Semidiameter equals the Diſtance be- 


d it to 
Stan 
„ than 


th p. tween the Sun and us; for they aſſert, that the 
"ime of Start, at leaſt thoſe of the firſt Magnitude, are ſeen 
ie, an under an Angle at leaſt of one Minute: But the 
of itz Orbit of the Earth ſeen from the fixed Stars does 


it ſeem ; 
vill tie 
changel 

1ere on 
near t 


not ſubtend a greater Angle; and therefore the 
Diameter of the Stars is not leſs than the Diame- 
ter of the Earth's Orbit. Now that Sphere whoſe 
Semidiameter equals the Diſtance between the Sun 
and Earth, is a Million of times greater than the 


pectata i Sun ; conſequently the fixed Stars muſt be at leaſt a 

Spec Million of times greater than our Sun: Since there- 

e Pac fore there is ſuch enormous Difference in their. Big- 

ſtance, WH neſs, it cannot be ſuppoſed that the Sur and fixed 

can no Stars are Bodies of the ſame Kind. 

Diſtance Bur they who aſcribe ſuch immenſe Magni- Le fixed 
Manne tude to the fixed Stars, are much deceived in their Stars have 
comin; Meaſures ; for their apparent Diameters are not“ I. 
the D. near ſo great as they ſuppoſe them to be: For really "7 4 3 
tator a theſe Diameters are ſo extremely ſmall, that if they rar * 
Chanz be rightly obſerved, they appear like ſo many ſhi- þ,;,,.. 
Differ ning Points without any Breadth or Diameter at all; . 
the. S and there can be no Obſervations nice enough, by 


D 3 which 
Henco 
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Lecture which the Minuteneſs of their Diameters can be 
IV. meaſured, or reduced to any determined Quan- 
yan tity. We obſerve about all flaming and ſhining Bo- 
g dies in the Night, a kind of Irradiation or luminous 
Appearance, by which their Diameters are ſeen a 

hundred or many more times bigger than they are; as 

it is plain by the Experiment of a Candle placed at 

a great Diſtance, whoſe Flame ſeems to be much 

larger than it is when we come near it. This Irra- 

diation is much diminiſhed, if they are looked at 

through a ſmall Hole made with a Pin in Paper; 

but is eaſier and more nicely taken away, when they 

are ſeen through a Telefcope, which deſtroys the 
adventitious Rays, and ſhews us the fixed Stars as 

ſo many lucid Points. Now though "Teleſcopes do 

increaſe the Diameters of Bodies very much, yet 

the fixed Stars ſeen through them appear ftill ſo ſmall 

that we haye no Meaſure of any determined Mag- 

nitude, but what is greater than theirs ſeem to be; 

a Teleſcope magnifying a hundred times, ſhews them 

only like ſhining Points; and therefore I cannot but 

which is wonder why Ricciolus ſhould ſuppoſe the apparent 
demonſtra- Diameter of the Dog-Star or Sirius to be 18 Seconds; 
ted by the for if that were the Angle he ſubtended to the 
Teleſcope. naked Eye, a Teleſcope which magnifies 200 times, 
would ſhew that Star under an Angle of 3600 Se- 

conds or one Degree, ſo that he would appear ta 

have a Disk four times greater than the Sun and 

Moon have, And yet Obſervation teſtifies, that 

ſuch a Teleſcope ſhews. us Sirius no bigger than a 

Point, at leaſt not larger than the Planet Mars: 

But Mars when he is neareſt us and biggeſt, ſub- 

tends an Angle of about 30 Seconds; therefore, if 

the Diameter of Sirius magnified 200 times is but 

30 Seconds, its apparent Diameter without mag- 

nifying will be the 200th Part of 30 Seconds, or 

A, of a Second, that is nine third Scruples or Mi- 

nutes, or nearly equal to the Sun when it is ſeen at 

the Diſtance of the fixed Stars, as we ſhewed be- 

fore: The Sun therefore and Sirius are nearly 2 
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the ſame Magnitude and Dimenſions, and may be Lecture 
eſteemed Bodies of the fame Kind. IV. 

= SINCE the fixed Stars appear ſo ſmall, and ſub- . 
tend at the Eye ſuch unperceivable Angles, ſome 
vill wonder how they come to be at all ſeen, ſince 
IS there are Bodies which would ſhew themſelves under 
larger Angles, tbat are Fn ſo ſmall as not to be 
booked at without a Microſcope : But all-flaming 
and fiery Bodies can be ſeen at great Diſtances, 
even at ſuch from whence other Bodies, which 
have as large apparent Diameters, do quite diſap- 
W pear, and become inviſible, Thus the Flame of a 
Candle in the Night-time is eaſily perceived at the 
T Diſtance of two Miles, whereas in the Day-time 
Jan opake Object, tho' ſtrongly illuſtrated by the 
Sun, and fix times bigger than the Flame of a Can- 
dle, is not to be obſerved with the naked Eye at 
chat Diſtance. For the native Light that theſe fiery 
and flaming Bodies ſend forth, is ſtronger and more 
piercing, and acts upon the nervous Fibres of the 
= Retina with a greater Force, than the Light re- 
fected from opake Objects; for all Light is much 
= weakened by Reflection. And it is upon the ac- 
count of this brisk and ſtrong Light which flows 
from fiery Bodies, and which makes ſo ſenſible Im- 
preſſions on the Rating, that ſuch Bodies are judged 
co be ſo big in compariſon of others which affect us 
Vith a weaker Light. - 
User it is evident, that all theſe Stars which The fixed 

Jy remain immoveable in the Heavens, are Bodies of Stars are 
a her y Nature, as our Sun is, nor are they much luminous 
leſs, nor much bigger than he is, and therefore are ry Bodies. 
to be eſteemed as ſo many Suns. It is not to be 
imagined, that all theſe duns are planted in one con- 

cave Surface of a Sphere, ſo as to be all equally 

diſtant from us; but it is more reaſonable to ſuppoſe 

that they are ſpread every- where thro the vaſt inde- oy, gxed 
finite Space of the Univerſe, and that they are at Stars are 
great Diſtances from one another; ſo that there Suns. 
| May be as great Diſtance between any two Suns 

D 4 tha 
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Lecture that are next to one another, as there is between 
IV. our Sun and the neareſt fixed Star, Hence a Specta- 
tor who is near any one Sun, will only look upon 
e him to whom he is neareſt as a real Sun, and the 
reſt he will conſider as ſo many ſmall ſhining Stan 
fixed in his Heaven or Firmament. | 
It .is no ways probable, that God Almighty, who 
| always acts with infinite Wiſdom, and does nothing 
in vain, "ſhould create ſo many Suns, and place 
them alone in indefinite Space, at ſuch great Di. 
ſtances from each other, and not have made other 
Bodies, which he has placed near them, to be nou- 
riſhed, animated, and refreſhed with the Heat and 
Light of theſe Suns : Thoſe who affirm, that Gon 
created theſe great Bodies only to give us a ſmall WW 
dim Light, muſt have a very mean Opinion of the 
Divine Wiſdom. It is more reaſonable to ſuppoſe, 
that every Sun is ſurrounded with a Company of 
Planets peculiar to himſelf, which in different Pe- 
riods, and at different; Diſtances, perform their Cir- 
culations round their proper dyn; and who knows 

but that ſome of theſe Planets may have Moons, 
and other Bodies, to attend them in their Circula- 
tions? 
In Idea of HENCE we may frame to ourſelves an admira- 
the Uni. ble magnificent Idea or Notion of the Vaſtneſs or 
werſe, Amplitude of the World, by imagining an indefi- 
| nitely great Space of the Univerſe, in which there 
are placed innumerable Suns, which, tho* they ap- 
pear to us like ſo many ſmall Stars, yet are Bodies 
which are not behind our Sun either in Bigneſs, 
Light, or Glory ; and each of them conſtantly at- 
tended with a Number of Planets, which dance 
round him, and conſtitute ſo many particular Y/rlds 
or Syſtems: Every Sun doing the ſame Office to his 
roper Planets in illuſtrating, warming, and cheriſh- 
ing them, that our Sun performs in the Syſtem to 
which we belong. 
HENCE we are to conſider the whole Univerſe 
as 2 glorious Palace for an infinitely Great and every- 
. where- 
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ween here preſent Gop; and that all the Wirlds or Lecture 
x<Qa- „tem of Worlds, are as ſo many Theatres, in V. 
hich he diſplays his Divine Power, Wiſdom and — 


oodneſs. 


upon 
d the 
Stars Þ 


Who 
thing 


place | | 

ow LECTURE . 

Ne. F the Solar Spots. Of the Rotation of the 
Goo Sun and Planets round their Axes: And 


ſmall 


; 
„/ the fixed Stars. 
— 


of the 

ppoſe, 75 PON the Account of the great Di- 7 C 

ny of RY SPEER ſtance of the Sun from us, the Con- wexity of 

t Be- ö vexity of his Body cannot be perceived 5% Sun 

r Cir- 8 NSA) by our Sight; nor is this a Wonder, and Moon 
knows Wl e ſince the Aeon, which is much nearer cannot b- 


— 


loons, 
rcula- 


to us, cannot be ſeen as a globular perceived 
Body : But both Sun and Mon ſhew themſelves to by our 
s, as if they were circular Planes, which we call Hes. 


1 


dmira-isks: And a Point in the Middle, which is really in 
eſs or be Surface, is ſaid to be the Center, or the Appa- 
indefi- ent Center of the Disk. 5 

there Ir the Sun thro' all its Parts were every-where 
ey ap-qually bright, and ſhined with the ſame Luſtre, he 


Bodies night turn round his own Axis, and that Rotation 

igneſs, o ways be perceptible, nor to be diſcovered by our 

tly at- enſes. But ſince in the moſt. clear and lucid Bod 

dance f the Sun, and in its pureſt Flame, many black. 

Wirlis pots have ſeveral times been obſerved, it is by their 

to his otion that we diſcover the Rotation of the Sun Pars Spots 
heriſh- {Wound its Axis: For theſe Spots have been obſerved on theSun's 
tem to o have firſt appeared near the Margin of the Sun, Body. 


pnd then by Degrees to have crept towards the Mid- 
le, or Center of his Disk; and from thence going 
Fill forward, have arrived at the oppoſite Side or 
age of the Disk, where they have ſet or diſappear- 


3 


niverſe 
every- 
where 
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Lecture ed; and ſome of them after ſetting, being hid or ab. 
V. ſconded in the oppoſite Side of the Sun for the Space 


2 of about fourteen Days, have again appeared in the 


Margin, and ſhewed themſelves, taking the ſame 
Plate II. Courſe as before. Let the Circle AGH D repre iſ 
Fig. 4. ſent the Sun's Disk; we often obſerve ſome den{: 
and obſcure Subſtances, like our thick and terreftri 
Clouds, to appear in the Limb or Edge at A, which 
by Degrees move towards B, and at laſt arrive at 
the Middle of the Disk; after which, till going for. 
ward, they ſhew themſelves in the oppoſite Point of 
the Cire mference at D; where after a little Stay, 
they at laſt vaniſh and diſappear, 

dome Spots SOME of theſe Spots have been obſerved to riſe in 
riſe and the Limb, and having traverſed the Disk, and ſt, 
ſet, and in after the Space of twenty-ſeven Days, have again 
27 Days been ſeen to riſe where they firſt appeared; and the 
are ſeen a- Time they take to move thro' the Surface of the 
3 wE'T% Fn oppoſite to us, during which Time they are in- 
ahve 75 2 viſible, is juſt and equal to the Time in which they 
" paſs over the viſible Disk. The Motion of theh 
Spots in the Margin, at A or at D, appears to be 
flow ; when they come towards the Middle they 
ſeem to move quicker, and to deſcribe larger Spaces: 
Their Figures likewiſe change; for in the Limb 
they are ſeen more contracted and narrow, near the 
The Sun Center they look broader and larger; theſe Appear- 
turns round ances exactly anſwer to the Motion of ſome denk: 
bis Axis. and dark Bodies, which ſwim upon the Surface of 
the Sun, and are whirled by the vertiginous Motion 

of the Sun round his Axis. | 
SOME have imagined, that theſe Spots de not ftick 
upon the Body of the Sun, but that they are 2 
ſome Diſtance from him, and that they perform 
their Circulations round the Sun in the ſame man- 
ner as Jupiter's Satellites circulate round Fupte, 
But ſuch are eaſily refuted; for if the Spots wer 
not on the Body of the Sun, but made their Circuit 
at a Diſtance from him, they could not be ſeen hall 


the Time of their Period in the Body of the * 
| 1 
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. ſuppoſe the Sun in A be ſeen from the Earth at Lecture 
under the Angle of 30 Minutes: If the Spot V. 


or ab. 
Space 


in tel ere not on the Sun's Body, but deſcribed the Cir- 
amel e F E G at ſome Diſtance from him; it could not Plate II. 
repre i obſerved to paſs under the Sun, till it came to Fig. 5. 


, where the right Line B D, touching the Disk, 
es cut the Orbit; and if we draw another Tan- 
nt to the Disk B GC, it would only be ſeen 737 gor 
the Surface of the Sur, while it deſcribed the are on the 


denſe 
reftrial 
which 


rive at 3 
ng for. cch E G, which is much leſs than half the Peri- Surface of 
int of ery, and is deſcribed in much leſs Time than half the Sun, 


e Period, in which the Spot performs its Circuit. 
ow we know by Obſervation, that thoſe Spots 
hich finiſh an entire Circulation, (for ſome of 

have been obſerved to make four or five com- 
te Revolutions before they were diſſolved, each 


> Stay, 


riſe in 
nd ſet, 


e again 

and which was 27 Days) have taken 13+ Days from 
of the Time of their appearing, or riſing on the Fa- 
are in- Limb, to their Setting on the Yeftern: And 
ch they Nerefore, ſince the Spots are ſeen for half the Time 
if the 8 their Period upon the Body of the Sun, it is plain 


ir Orbits muſt lie on the Sun's Surface. 


8 to be 

le thy Many Spots ſeem to be generated in the very Spors gene- 
Spaces: iddle of the Disk, where they firſt begin to ap- rated in the 
Limb r: Others again ſeem to be diſſolved, and to Body ef the 
near the "ih there; ſometimes ſeveral ſmall ones gather Sun, and 


ether and make a large Spot; and ſometimes a gain are 
ge Spot is ſeen to be divided, and cut into many e dif- 

ler ones. The great Italian Philoſopher Galileus reed or 

ſt diſcovered them with his Teleſcope. Afﬀter- Mpaled. 

rds Scheinerus did more accurately obſerve them, 

o has publiſhed a large Volume about them. When 

obſerved them, there were then 50 viſible in the 

n: From the Year 1650 to the Year 1670, there 

rerarely ſeen above one or two together ; from that 


rface of 


Motion 
not ſtick 


are 4 


perform 


e man- 

Fupits me again many have been obſerved together; nor 

ots were their ſeem to be any certain Period of Time, or 7% Sun 

- Circuits w for their appearing, and Vaniſhing or Diſſolution. 32, ame- 

ſeen hall HISTORIANS tell us, that the Sun has been ob- times ap- 

the Su; ed for a whole Year to have appeared pale, peared fate 
out that Luftre and Brightneſs it uſually gives ; Jer à Year 


and together. 
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Lecture and that it hath not imparted its Heat and Lig 
V. with the ſame Force and Vigour that it ordinariy 
Lanny does, Tt is probable, that this Weakneſs of Ligh 
| did ariſe from a great Multitude. of Spots whid|if 
at that Time did beſet the Sun, and covered a 
Portion of his Surface: For now we frequently oh. 
ſerve Spots which are larger or broader, not onh 
than Europe or 8 but what even equal, if th 
do not exceed, the Surface of the whole Terraquen 
Glohe. 
THE Motion of the Spots is from the / 
to the Eaſt, and by obſerving the Sun nicely, w 
find that its Axis is not perpendicula to the Plan 
of the Earth's Orbit, which is called the Plane « 
The Axis the Ecliptick: But it is inclined, ſo as to make a 
of the Sun Angle with the Axis of the Orbit, or with a Pe: 
#s inclined pendicular to the Plane of the Orbit which paſl 
F = of through the Center of the Sun, which Angle is i 
the Eclio. Quantity about ſeven Degrees: And therefore th 
tick. P Æquator of the Sun, that is to ſay, the Circk 
which is in the Middle between the two Poles, cut 
the Plane of the Orbit in a right Line, which Line 
produced will interſect the Orbit in two Points; 
and whenever the Earth comes to theſe two Inter: 
ſections, the Tracts which the Spots deſcribe wil 
appear as right Lines, ſince the Eye of the Spech 
tor is in the Plane of their Motion: But in al 
other Poſitions of the Earth, the Plane of the Su 
Equator is either above or below the Eye of tix 
Spectator, and the Lines in which the Spots 2 
ſeen to move, appear crooked and ſeem to be E! 
lipſes. 
SINCE the moſt bright Body of the Sun 
not without its Spots and Blemiſhes, we are nd 
to imagine that the Planets are clear, and withou 
Th: Pla- their Stains and Marks. Jupiter, Mars, and Jem 
nets lie- when looked at through a Teleſcope, have ſever 
Wiſe have very remarkable ones; and it is by their Motio 
Nes. that we conclude the Rotation of the Planets roui 

their Axes, after the ſame Manner, and by the 1am 


Argument, that we proved the Rotation of d 
I" 
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| Liph 

Jinarh a. The Body of Venus performs its Revolution Lecture 

Lig ound its Axis in the Space of 23 Hours. Mars fi. V. 

whit ines his Rotation in 24 Hours and 40 Minutes, 

a he Earth in a Day, which we collect from the ap- 7hey turn 

tly o- arent Revolution of the Heavens, and of all the round their | 
ot ony tors round it in that Time. All theſe Bodies in Axes. | 
if ther their Rotations go the fame Way from the West to 

ragueu the Ea/7. 

Jurir ER, beſides Abundance of Spots, has fome Jupiter's 
he J//WBands or Girdles which ſurround him; they are Belts. 
ely, wilarallc! to one another, but they neither preſerve 
je Plau be fame Magnitude nor Diſtance ; but ſometimes 
Plane df@hey increaſe, ſometimes they diminiſh their Breadth 
make auWometimes they approach each other, ſometimes they 
| a Pe. ecede from one another, and undergo ſeveral 
ch paſls{Changes. In the Year 1665, M. Cafſm: diſcovered 
ple is nie very large Spot in Fupiter's Disk, which he ob- 
fore teMWſcrved continually. for the Space of two Years, and 
e Circ determined accurately its Figure and Poſition in re- 
les, cu ſpect to his Girdles; but this Spot vaniſhed in the gy, 
ich Lie Vear 1677, and was not again ſeen *till the Year Changes bs 

Point 1679 : Afterwards for the Space of almoſt three undergoes. 
o Inte. ears, it continually ſhewed itſelf, and then by ' 


Degrees withdrew itſelf from our Sight, and has ſince 
ſeveral times appeared and diſappeared. In a Word, 
from the Year 1665, when it was firſt obſerved, to 


the 1708, it has eight times appeared and vaniſhed. 
e of By its Revolutions we conclude, that the Body of 
Spots al 7piter moves round his Axis in the Compaſs of 9 
o be Hours and 56 Minutes. 


IT is probable that our Zarth enjoys a more 
conſtant and ſettled State and Condition than Ju- 
> are no eiter; for we obſerve greater Changes in his Surface, 
| withouthan what would happen to the Earth, if the 
ind Jeu Ocean ſhould leave its Place, and overwhelm the 


ve ſevenWLand, and give us a new Place, and a new Figure 
Motion! the Sea, by changing the Places of Land and 


1ets rou Water. But this is upon Suppoſition that theſe 
the ſau Spots are inherent in the Body of Jupiter: But 
n of if they are only Clouds and Vapours ſwimming 


Sun his Atmoſphere, then indeed the Inhabitants of 


Jupiter 


A 
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Lecture Jupiter would have a more conſtant and permang 
. tate of Weather, than what any Part of the Far | 
enjoys: I leave it to the Philoſophers to determi 
which of theſe two Opinions is the moſt probable/ 
Mercury does always keep ſo near the & 
with ſo great a ſhining Luſtre i in all its Parts; a 
the Heaven, while he is ſeen, is ſo much illun 
nated, that there can be no Obſervations made 


diſcover his Spots. And Saturn is ſo much furth: 
removed from us, more than the other Planets, tu of 
his Spots are not to be diſcerned: Yet it is probs +/ 


ble that they, as well as the other Planets, han 
each a Rotation round an Axis, that all the Pan 
of their Surfaces may frequently have imparted t 
them the Light and cheriſhing Heat of the Sun, and 14% 
may again be withdrawn from him, to receive ſud 
Changes as are proper and convenient for the Ni 


ture of each Planet. 
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illun 

de Of the Magnitude and Order of the fixed 
fun Stars. Of the Conſtellations, Catalogues 
9 of the Stars, and the Changes to which 
pro 

„ nil ey are liable. 

* HE fir:d Stars appear to be of different 
. e Bigneſſes, not becauſe they really are ſo, 
5 fd but becauſe they are not all equally di- 


l ftant from us. Thoſe that are neareſt 
will excel in Luſtre and Bigneſs ; the 
more remote Stars will give a faint- 


ariſe the Diſtribution of Stars, according to their 
Order and Dignity, into Claſſes ; the firſt Claſs 


r Light, and appear ſmaller to the Eye. Hence 


The Di- 


ſtinction of 


40 containing thoſe which are neareſt to us, are called 8 
„ u iars of the firſt Magnitude; thoſe that are next to a age 
* them, are Stars of the ſecond Magnitude: The % Mag: 


hird Claſs comprehends them of the third Mag- 
nitude, and ſo forth, *till we come to the Stars of 
he ſixth Magnitude, which comprehend the ſmalleſt 
tars that can be diſcerned with the bare Eye, For 
ll the other Stars, which are only ſeen by the Help 
of a Teleſcope, and which are called Teleſcopical, 
are not reckoned among theſe fix Orders. Altho' 


nitude is commonly received by Aſtronomers; yet 
e are not to judge, that every particular Star is 
aly to be ranked according to a certain Bigneſs, 
which is one of the Six ; but rathcr in reality there 
re almoſt as many Orders of Stars, as there are 
tars, few of them being exactly of the ſame Big- 
nels and Luſtre, And even among thoſe _ 
whic 


URE 


nitude. 


the Diſtinction of Stars into fix Degrees of Mag- 
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Lecture which are reckoned of the brighteſt Claſs, there a5. 
VI. pears a Variety of Magnitude; for Sirius or Ardtu. 
are each of them brighter than Aldebaran or the 
| Bull's Eye, or even than the Star in Spica; ant 
et all theſe Stars are reckoned among the Stan 
of the firſt Order: And there are ſome Stars d 
ſuch an intermedial Order, that the A/tromome, 
have differed in claſſing of them; ſome putting the 
ſame Stars in one Claſs, others in another, For 
Example: The little Dog was by Tycho placed x 
mong the Stars of the ſecond Magnitude, which 
Ptolemy reckoned among the Stars of the firſt Claſs: 
And thefore it is not truly either of the firſt or ſe- 
cond Order, but ought to be ranked in a Place be. 

tween both. 

ASTRONOMERS not only mark out the Starz 
but that they may better bring them into Order 
they diſtinguiſh them by their Situation and Poſi-W 
tion in reſpect to each other; and therefore they 

The Con- diſtribute and divide them into Aſteriſins or Cu. 
Rellations. /ellations, allowing ſeveral Stars to make up oe 
Conſtellation, A Conſtellation is a Syſtem of ſeveriſ 

Stars that are ſeen in the Heavens near to one an-W; 

other: And for the better diſtinguiſhing and c- 

ſerving them, they reduce the Con/tellations to the 

Forms of certain Animals, as Men, Bulls, and 

Bears, &c. or to the Image of ſome Things known, iſ 

as of a Crown, a Harp, a Balance, &c, The AWW; 

tients took theſe Figures from the Fables of thei; 
Religion: And the modern Aftronomers do {till u 

tain. them, that they may avoid the Confuia 

which would ariſe by making new ones, which; 

would much perplex them, when they compared 

the modern Obſervations with the old ones. 

Their An= THE Diviſion of the Stars by Images and F.. t 
tiguity, gures is of great Antiquity, and ſeems to be 3 
old as Aftronomy or Philoſophy itſelf : For in the mol 

antient Book of Job, Orion, Arcturus, and t 

Pleiades are mentioned; and we meet with tit 

Names of many of the Conſtellations in the W 

0 
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Pe the firſt Poets, Homer and Heſiad. For it was Lecture 
eceſſary for the Advancement of Afironemy ſo to VI. 
liſtinguiſh the Stars, and to bring them into ſome — 
Order. | | | 
SiNcE the Diſtance of the Stars is immenſly 73, fame 
WS rcat, it is no Matter in what Place of our Syſtem Face of the 
De Obſerver reſides, whether in the Sun, in the Starry Fir- 
Farth, or even in Saturn, the outmoſt of all the mament i- 


ng th: p/:1:ts; for Spectators in each of thoſe Places will oH ved 
+ Fol: the ſame Face of the Heavens, the fame Stars, Brem all 
iced a. thePlanets, 


ith the fame Magnitude, and the ſame Figure 

f the Conſtellations ; and the Heavens which 

urround and involve them all, will have the ſame 

ace. | 

Ss AsTRONOMERS divide the Starry Firmament in- The Re- 
o three Regions, the Middle of which compre- Ci 

Pends thoſe Stars which have their Situation near“ Hea- 

Whe Planes of the Orbits in which the Planets move; 

Whis Part of Heaven they call the Zediack, becauſe 

e Conſtellations there placed, ſeemed for the moſt 

"art to repreſent ſome Animal or living Creature. 

Wn this Space the Planets are always to be ſeen, and 

Wone of them ever tranſgreſs its Bounds: Upon each 


one al- Side of this Zone lie the other two Regions of the 

and cb-· Heavens, one of which is called the North ; and the 

to thei ther, the South Part of the Heavens. 

lu, a Tis Antients divided the viſible Firmament in- e nager 
know! io XLVIII. Images, twelve of which filled the Zo- noted by the 


ict, and they give their Names to the twelve Antients, 


of thelWigns, or the Portions into which it is divided. are 48. 
{till re-BT heir Names are the Ram, the Bull, the Twins, 
onfulion We Crab, the Lion, the Virgin, the Balance, the Scor- 
„ wha Wn, the Archer, the Goat, the Water-Bearer, and 


ompare 


e Fiſhes, 


Is the Northern Region there are XXI. Images, 


and Fr. the L:/ſer Bear, the Great Bear, the Dragon, 
to be bens, Bootes, the Northern Crawn, Hercules, the 
the molars, the Swan, Caſſiopeia, Perſeus, Andromeda, the 
and triangle, Auriga, Pegaſus or the Flying-Horſe, Eguu- 


with tht 


FE us, the Dolphin, the Arrow, the Eagle, Serpenta- 
Wit E . 
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rius, 
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Lecture rius, and the Serpent: Afterwards they added vl 


© them two others, v:z. that of Antinous, which wa 
made of the Stars that are not included within any 


Image, and are near the Eagle: And the Confid.f 


lation called Berenice's Hair, conſiſting of Stan 
which are near the Lion's Tail. 
Uros the South Side of the Zadinck there are ff. 


teen Afteriſms, which were known to the Antient, | 


viz, the J hale, the River Eridanus, the Hin 
Orion, the Great Deg, the Lefſer Dog, the Ship Arg, 
Hydra, the Cup, the Crow, the Centaur, the Will, 
the Altar, the Southern Crown, and the South 
Fiſh: To theſe are lately added XII. more Cor. 
ſtellations, which are not to be ſeen by us who in 
habit the Northern Regions, becauſe of the Convex: 
ity of the Earth; but in the Southern Parts 
are very conſpicuous. Theſe are the Phoenix, the 
Crane, the Peacock, the Indian, the Bird of Pari. 
diſc, the Southern Triangle, the Fly, the Chamelan, 
the Flying Fiſh, the Toucan, or American Gooſe, Hz 
drus or Water Serpent, Aiphias or the Sword Fiſh, 


The Stars WITHOUT the Compaſs. of the Conſtellation 
<wvithcut or Images, there are ſeveral Stars, which cannot | 
Forms. reduced to any of the Forms mentioned; and-thek 


are called Unformcd Stars, out of which ſome gret 


Aſtronemers have made new Conſtellations, as Churle!' 
Heart, and Sobigſti's Shield. 


Th, Mil. TRE Galaxy, or Milky-way, is alſo to be rec 


ky-way. koned among the Conftellations: This is a broad 


Circle of a whitiſh Hue, like Milk ; in ſome Placs 
it is double, but for the moſt part it conſiſts of 
jingle Path, and goes round the whole Heavens 
The great Galileus, with his Telefcope, difcovere 
that the Portion of the Heavens which this Circk 

aſſes thto*, was every-where filled with an infinit 

altitude of exceeding ſmall Stars; which tho? the 
cannot, by Reaſon of their Smallnefs, be ſeen diftind) 
by the naked Eye, yet with their Light they all com 
bine to illuſtrate that Region of the Heavens when 
they are, and diffuſe thro? it a ſhining WINES. 


5 2 
Lecture 
VI. 


The Prince 
of Heſs. 


Ricciolus. 


Authors: But it is ſurpriſing, that Ricciolus ſhould 


Globe publiſhed at Strashurgh in 1635, in 44, tell 
us, That Bayerus had deſcribed in his Uranometri, 
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ments for obſerving the Heavens; and particularly he ; 
determined the Places of 777 fixed Stars, and . 
them into a Catalogue, their Places being all calcy.W 
lated from his own proper Obſervations. Kepler in- 
deed, in his Radolphin Tables, gives us a Catalogy 
of the Stars, he calls Tychonsck, in which he has pu 
down 1163 Stars; but all of them, except the 75 
obſerved by Tycho, were taken partly from Ptolemy 
and partly from other Authors, For Tycho in hi 
own Catalogue ſets down no Star which he had na 
obſerved himfelf, by his own Inſtruments, and cal. 
culated the Place from his proper Obſervations. 
ABOUT the fame Time with Tychs hived H/lln 
Prince of Heſs, who likewiſe obſerved the Start: 
He had two Matbematiciant to aſſiſt him, Rl 
mannus and Byrgius, with whom, by thirty Vea 
continued Labour, he computed the Places of 400 
Stars, all founded on their own Obſervations, and 
inſerted them in a Catalogue, 
Tag Jeſuit Ricciolus inriched the Catalogue of 
Kepler with 305 Stars, by which Means their Num- 
ber was increafed to 1468 ; but this Catalogue wa 
not founded on his own Obſervations ; for he, and 
his Companion Grimaldi, did not take the Places 
of above 101 Stars with their own Inſtruments ; and 
he took all the reſt from Tycho, Kepler, and other 


inſert in his Catalogue ſeveral Stars, which wer 
plainly viſible in Tycho's Time, and duly obſerved by 
him, but which in Riccioluss Days had vaniſhed, and 
were not to be ſeen; and yet they are preſerved i "Wo 
his Catalogue, as if he himſelf had then obſerved8Þy 7;, 
them, | lone 

BARTSCHIUS, in his Book about the four Foote $ 


the Places of 1725 Stars, and he alſo boaſts, thi 
he himſelf had painted in his Globe 1762 Stari 
but he does not tell us * whom, or in what Ye! 
2 were obſerved. - 
8 AA 
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arly he . Tu Stars near the Antarctic! Pole, not to be Lecture 
educed den in our Climate, were firſt accurately obſerved VI. 
caleu · ¶ by my Collegue Dr. Edmund Halley ; who being ani- 


ler in-. ed with a great Love of this Siderial Science, un- Dr. Hal- 
talogue WiWedcrtook a long, and no leſs dangerous Voyage to ley #-/ 

nas put the Iſland of St. Helena, that he might there take xa; ab. 
he te Poſition of the Stars which are within the An- /crved the 


Warfick Circle; and he publiſhed a Catalogue of 373 6 1 
of them, whoſe Places he adapted to the End of the 8 

Year 1677. 

Tas illuſtrious John Hevelius of Dam a Hevelius. 
Man of prodigious Induſtry, and unwearied Diligence, 


Ptolemy, 

in hi 
had not 
nd cal. 


18. 


Willi being well furniſhed with very exact Inſtruments, 
Stan: and with all the Tools that are proper for an A/tro- 
„Rel. mer, did again aſſault the Stars with his Inſtru- 
7 YeanWnents, and computed the Places of 1553 of them 


of 400 
ns, and 


rom his own proper Obſervations ; and ſo he com- 
poſed a new Catalogue, which contained 1888, viz. 
0550 known to the Antients, and which were to be 
logue ien at Dantzig; bog new ones, which no one be- 
r Num- ore had ever rightly obſerved ; and to them he joined 
gue wu others round the Antardtich Pole, taken out of 
he, and r. Halley's Catalogue, which lie always hid under 
e Places ebe Horizon of Dantzig. 
its; and Bur the largeſt — moſt complete Catalogue of M. Flam- 
ad other he Stars * is ſhortly to be expected from the La- ſteed has 
;s ſhould ours of that moſt excellent Obſerver Mr. John made the 
ch wer iWFlon/?ced, late Royal ' Profeſſor of Aſtronamy at moſt copious 
erved Heerich; the Number of Stars inſerted in this 2 mlt 
hed, andCatalogue reach to 3000. And as Hevelins doubled #494 Ca- 
erved u his Obſervations the Number of Stars obſerved 74/28. 
obſervedPy Tycho: So our Britiſh Aſtronomer has as far out- 

lone Hevuelius, having, by his Obſervations, doubled 
e Stars that were obſerved by him: We are fo 
uch indebted to this A/trozomer for the Increaſe of 
he Knowledge we have of the Celeſtial Bodies, that 
here is not the leaſt Star in the Heavens to be ſeen, 
hoſe Place and Situation is not better known, 


ur Foot- 
4to, tells 
nometru, 
aſts, tht 
2 Stari; 
hat Yell 


Tut 


66— — 


* This Catalogue wat publiſped Anno 1725, 
| E 3 than 


þ 
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Lecture than the Pofition of many Cities thro* which Tn. 
VI. vellers do daily paſs, Nor is it any Wonder, tha 
tte {ftronemers ſhould take fo much Pains, and | 
5 obſtinately watch the fixed Stars, to determine thei lag 
Places ; > Mont wth the exact ſettling of their Poſ. . 
tions and Places, they could never have found ou a4 

the Ways of the Planets, nor have deſcribed ther 
Orbits: For it is upon the Obſervations of the fo 
Stars, as upon immoveable Pillars, that the whol, 
Science of A/tronomy is erected, and by them it i 
| fuſtained. — | 
The Num- Or the 3000 Stars inſerted in Mr, Namſtesdii 
ber of the Catalogue, there are many that cannot be ſaſh! 
tas. without a Teleſcope ſo that it is ſeldom that era e 
a very good Eye can reckon more than 100 tog Ye 
ther in the Heavens: This will certainly ſurpriz 
a great many Perſons; for in the Winter, in a clex 
Night, without 1foon-fbine, at firſt Sight they ſeen 
to be innumerable. But this Appearance is only: 
Deception of our Sight, ariſing from their vehement 
and ſtrong Twinkling, or Scintillation, while ens 
look upon them confuſedly, and without reducing ordi 
them to any Order; but he who will diſtinctly vie 
them, will find not one but what are obſerved He 
the Aſtronomers, and inferted in their Catalogue: e © 
And if any one will take a Globe of the larger S.! 
and compare it with the Heavens, he will rarely et F 
any Star in the Heavens, that is not marked upon” 
the Surface of that Globe. | 4 
In the mean Time I muſt acknowledge, that tle ſtan 
Number of the Stars is really vaſtly great, and i. 
moſt infinite; for whoever will view the Stars wit" * 
a good Teleſcope, will find every-where a prodig n 
ous Number of them altogether indiſcernable by tht ell 
naked Eye, eſpecially in the Miliy- way; where the. E 
are ſo thick, that tho' they cannot be ſeen ſeparately, * 
yet they give that Region of the Heavens, when © ha 
Many they are placed, a Luſtre above all the reſt. ens 
Stars in. THE famous Dr. Hob, Profeſſor of Geometry l ul \ 
perceptible Greſham-College, directing his twelve-foot Teleſcoꝶ 
70 the na. to the Pleiades or the ſeven Stars, though there e 
led Eye. now only fix to be ſeen with the naked Eye, di 
1 


in t 
ing 


{ 


NIC 
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In that ſmall Compaſs, count 78 Stars; and ma- Lecture 

ing uſe of longer and more perfect Teleſcopes, he VI. 

iccovered a great many more of very different 
Magnitudes : See his Meagreb, pag. 241. Anto- 

ius Maria de Reita, in his Book which he calls 


n Tra 
r, tha 
and ſo 
ge their 


1 Nudius Sidereamyſticus, pag. 197, affirms, that he 
d then! numbered in the ſingle Conſtellation of Orion 
ie n Stars. 


From what we have faid, in the preceding 7h, Mar. 
Lecture, it plainly appears, how falſe and ill-founded re- of the 
ere the Notions of the antient Philoſophers, who Heawens is 


whole 
n it ii 


nter ving too favourable an Opinion of the Heavenly corruprible 
e ſenlegions, granted them ſome Privileges without any 474 | 
»t eve@=/onable Ground : For they affirmed, that the Hea- OO 

0 tore Pens were incapable of any Change, that the Cele- e. 
ſurprin ial Matter was of a different Kind from any we 

a cley ave in our Earth, and that its Firmneſs did far ex- 

wy ſeen eed that of the moſt durable Diamond; for that is 

only if ill corruptible, and may be changed into other 

bemen Ports of Matter, and undergo ſeveral Tranſmuta- 

hile we 20s: But the Form of the Heavenly Matter, ac- 

educig erding to them, is permanent and eternal. We have 

ly vir in the Sun and Planets, that there are frequent- 

91-0] (Add Bodies produced and generated ; others again 

alogue, WF" corrupted and periſh, and the Faces of the Pla- 

er Sin ts undergo many Changes. "Thoſe Alterations are 

ely find” peculiar to our Eerth, or our Planetary Sy- 


tem; the Principle of Generation and Corruption 77, f 
s much further diffuſed, it reaches even the moſt Stars /;able 
ſtant fixed Stars, and all the Bodies of the Uni- zo the Prin- 


and a= are under its Dominion; there is nothing but ciple of Ge. 
ars with Mind, and our Spiritual Part, that are exempted eration 
prodig- m its Juriſdiction: For the Heavenly Bodies, as 2d Cor- 
e by th ell as the Terreſtrial, are changeable and periſh, tion. 
ere tej f eral Stars which were obſerved by the Antients, 

aratelr © now no more to be ſeen, but are deſtroyed, and 

„ when de have known ſome new ones come in the Hea- 


ens unknown to them; which likewiſe in due Time Same Stars 

ul vaniſh, and diſappear. There are alſo ſome vanihs or 

Stars which for a Time are extinguiſhed, and be- peri/, and 

one inviſible, but after a certain Period they re- gain ap- 
| E 4 aſſume Scar. 


9 


*| 


| 
14 
10 
f 
j 


— 


56 


ASTRONOMICAL 


Lecture aſſume their former Luſtre, Of theſe Stars, tu 


VI. 


A new 
Star in 


Caſſiopia. 


moſt remarkable is that which is in the Neck 


of the 


Whale, which for eight or nine Months of the Yeu 


withdraws itfelf from our Sight, and for the 


other 


three or four Months is conſtantly changing b 


Luſtre and Bigneſs. It is probable, that the greats Me 
Part of the Surface of this Star is covered with 


Spots and dark Bodies, ſome Part thereof remaining 


lucid ; and while it turns about its Axis, does 


ſome- 


times ſhew its bright Part, ſometimes its turn itz 
dark Side to us: But the very Spots themſelves 
this Star are liable to Changes; for it does not 
every Year appear with the fame Luſtre 3 ſometime 


it reſembles a Star of the ſecond Magnitude, in 


other Years it can ſcarcely be reckoned among 


Stars of the third Order: Nor are the Times 
viſiting us, always of the ſame Duration ; 


of itz 
for in 
ſome Years after three Months it takes its Leave «of 
us; in others we enjoy its Light for the Space « 


four Months; nor does its Increaſe or Decreaſe - 


"_ anſwer the Difference of Times. 
OR EOVER We are aſſured from the Ob 


ſerva- 


tions of Aftronomers, that ſome Stars have been ob- 
ſerved which never were before, and for a certain We 
Time they have diſtinguiſhed them by their /uj-- 
New Stars. ative Luſtre; but afterwards decreafing, they by 


Degrees vaniſhed, and were no more to be 
One of theſe Stars being firſt ſeen and obſerv 


ſeen, 


ed by 


Hipparchus, the chief of the Aftronomers of the An- We 
tients, ſet him upon compoſing a Catalogue of the 
fixed Stars, that Poſterity might by it learn whether 
any of the Stars periſh, and others are produce! 


afreſh. * 


AFTER ſeveral Ages, another new Star appearet 
to Tycho, and the Aftronomers that were contempo- 
rary with him; which juſt like the new Star in 
Hipparchus's Time, induced him likewiſe to make 1 


new Catalogue of the fixed Stars, This Star 


made 


its Appearance in the Conſtellation Caſſiopeia, and 

was firſt obſerved about the Middle of Noventr 

me it 
WB 


1572, and never changed its Place all the Ti 


LECTURES. 57 

; viſible, which was for the Space of fixteen Lecture 
nths ; but yet by Degrees it diminiſhed, and at VI. 
became inviſible, Its Magnitude exceeded that 
Sirius or Lyra, which are the brighteſt of the 
2d Stars, and even vied with Venus when ſhe is 
areſt to us: So that ſometimes it could be ſeen in 
r Day-light or Sun- ſhine ; but at laſt it continu- 
y loſt ſomething of its Splendor, *till it quite diſ- 
peared, and it has never been ſeen ſince, Leovi- 
„ from the Hiſtories of thoſe Times, tells us, 
at in the Time of the Emperor Otho, about the 

r 945, a new Star appeared in Cafſtopeia, juſt 
h a one as was ſeen in his Time in the Year 
72, And he brings us another antient Obſerva- 
In that there was likewiſe ſeen in the Northern 
gion of the Heavens, near the Conſtellation Caf- 
peia, in the Year 1264, an eminently bright Star, 
hich kept itfelf in the ſame Place, and had no pro- 
Motion. It is probable, that theſe two Stars 
icht have been the fame with that which was ſeen 
Tycho, and that in about 150 Years the ſame 
ar may again make its Appearance, 
In the Year 1600 and the following, Kepler ob- 4 new 
rved another new Star in the Swar's Breaſt, which Star in the 
mained viſible for many Years ; and in Hevelius's Swan's 
ime looked like a Star of the third Magnitude ; but BeH. 
laſt becamg inviſible from the Year 1660 till the 

ear 1666, When it was again obſerved by Hevelius 
2 Star of the ſixth Magnitude juſt in the ſame 
lace as it was at firſt obſerved in; where it now 


We are aſſured by the Catalogues of the fixed 
tars, that many Stars have been obſerved by the 
ntients, and ſome even by Tycho, which are now 
come inviſible, and particularly in the Pleiades or 
en Stars; there were formerly counted ſeven, but 
ow we can reckon but fix; and ſo it was in 
Pid's Time, who in his third Book of the Faſti, 
as this Verſe ; 


Rue ſeptem dici, ſex tamen eſſe ſolent. 
| | THE 


Lecture 
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TRE celebrated Mr. Mantanere, Profeſſor 
Mathematicks of the Univerſity of Bononia, in 
Letter written to the Royart Soc izr, du 
April 30, 1670, has theſe Words: There 3 
« now wanting in the Heavens two Stars of t 
&« ſecond Magnitude, in the Stern of the Ship 4; 
cc and its Yard; Bayerus marked them with ti 
« Letters Þ and y. I and others obſerved them 
< the Year 1664, upon the Occaſion of the Com 
<< that appeared that Year : When they diſappead 
c firſt I know not; only I am ſure, that in Yeu 
« 1668, upon the roth of April there was not tix 
<« leaſt Glimpſe of them to be ſeen; and yet ti 
cc reſt about them, even of the third and four} 
6 Magnitudes, remained the fame, I have obſe 
< ved many more Changes among the fixed Sta 
ec even to the Number of a Hundred, though nay 
& of them are ſo great as thoſe I have ſhewed.“ 

IT is no ways improbable, that theſe Stars ld 
their Brightneſs by a prodigious Number of Spot, 
which intirely cover'd, and, as it were, overwheln't 
them. In what diſmal Condition muſt their Pls 
nets remain, who have nothing but the dim a 
twinkling Rays of the fixed Stars to enlighten then! 
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LECTURE VII. 


W the Motion of the Earth round the Sun, 
and alſo about her own Axis; whereby 
the Apparent Mojion of the Sun and 
Heavens are explained. 


4 foul aA VING taken a curſory View of 
e ob || the Univerſe, and explained 'thoſe 
ed Sta A: | & || Things which we have diſcovered 
Sh non concerning the fixed Stars, we will 
ed, l now come to conſider more accurate- 

ly our own ſolar Syſtem; for our 
f/fronomy is chiefly concerned about the Motions of 
he Bodies that are contained in it, and about the 
 ppearances or Phenomena that ariſe from thoſe Mo- 

ons. 

AnD, firſt, it is reaſonable that we ſhould begin Ve are ts 
rom the Motion of the Earth, which is our own begin with 
eat and Habitation, that is, from our own Mo- the Motion 
on; ſince we are to be the SpeQators of all the Y the 
\ppearances which are here to be explained, and 
articularly, becauſe from our Motion ariſes the ap- 
arent Motion of the Sun, which if not firſt known, 
he Appearances and Motions of the Planets can nei- 
ther be explained nor computed, 

We have in the preceding Lectures demonſtrated, 
hat the Sun, which is by far the biggeſt and moſt 
oble Body of the Univerſe, does pofleſs himſelf of 
tie Center, from whence he every Way diffuſeth 74, Syn in 
upon all the Planets his enlivening Beams and the Center 
Warmth; and that they, as it were, dance round of our Sy- 

m at different Diſtances and Periods. The Earth tem. 
REH ich we inhabit is to be reckoned as one of them, The Earth 


Who goes round the Sun in the Space of a Year ; turns round 
| and the Sun. 


U 
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Lecture and at the ſame time turns round her own 4; 
VII. every twenty-four Hours. Now, fince the Diſtan 
of the fixed Stars is immenſely great, in Comma 

ſon of the Diſtance of the Earth from the Sun, ty 

The ſame Starry Firmament will have the ſame Face, w 


apron 
carer 

LET 
' the 4 
ve Sun 


Ord: and there will be the fame Situation, Order, and Me 
Poſition of nitude of the Stars, whether they be viewed fra pd the 
the Stars ir che Sun, or from the Earth. But ſince all diſa did 
ſeen from Bodies appear as if they were in the Heavens, pibere 
the Sun Spectator in the Sun will obſerve the Earth to & gle 


| TD. ſcribe a Circle in the Starry Firmament ; and he. 


cauſe the Plane of the Earth's Orbit paſſes thr 
the Sun, the Circle which the Earth deſcribes, wil 
appear to be à great Circle in the Heavens. 
The Motion LET S repreſent the Sun, ABCD the Och 
of the of the Earth, in which the Earth is carried fron 
Earth ſeen the NMeſt to the Eaft in the Compaſs of a Yer, 
From the A Spectator in 8 looking upon the Zarth at A, wil 
Sun, refer it to the Star V, as if it were in the ſane 
Plate III. Point of Space with that Star: But when the Ear 
Fig. 1. is brought to B, the Spectator in S will ſee the 
Earth in the Heavens juſt by the Star ; when 
the Earth is gone forward to C, it will be ſen 
from the Sun in ; and when it is come to D, 
it will appear in ; and when it is returned to A, 
having finiſhed its Period, it 'will be ſeen again 
in V. | | 
HEN E, if the Plane of the Earth's Orbit be 
imagined extended to the Heavens, as far as the 
fixed Stars, it will cut the ſtarry Firmament, or the 
concave ſpherical Surface, in which all the Stars 
appear, in that very Circle in which a Spectator in 
the Sun would ſce the Earth to revolve every Year: 
The Eclip- This Circle is called the Ecliptict, and divided by 
tick and the Aſtronomers into twelve equal Parts which are 
its Divi- called Signs ; each of them takes its Name from that 
fron into Conſtellation, which, at the Time the Names were 
12 Parts ;mpofed, was ſituated near the Portion of the Eclip- 
er Signs. tie it denominates. Theſe Signs or Portions are 
the Ram V, the Bull 4 the Twins I, the Crab æ, 
the Ly-n N,; the Virgin i, the Balance =, tt 


Scorpirn 
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e, and the Fiber X, 


— LET us now bring our Spectator from the Sun 
a the Earth, and let him be carried by it round The Appa- 
a " 7 Sun, and let us imagine that the Earth is in rent Motion 


d Mx 
d fra 
diſtay 
Vens, 7 
to ck. 
and he. 


8 thro 


ES, vil 


e Orhi 
2d from 
Ver. 
A, wil 
e ſame 


Earth 


difference will be, that, as before he imagined the 
arth in the Heavens, and the Sun in the Center, 
> will now ſuppoſe the Sun to be in the Heavens, 
d himſelf with the Earth in the Center, it being 
ally the Center of his own View. Therefore the 
arth being in C, the Spectator will ſee the Sun 
t the Star Y; and the Spectator being carried a- 
ng with the Earth, and participating of the an- 
ual Motion, which is common to them both, he 
ill obſerve all the Parts of the Earth, and all the 
Bodies fixed on its Surface, to keep the ſame Poſi- 
jon in regard to one another, and to his own Eye, 
nd always to remain at the ſame Diſtance from him; 


1 nd there he cannot by his Eye, perceive either his 

A ( wn Motion, or that of the Larth, But looking to 
een | 

to U. e Sun, and obſerving him, when the Earth comes 


o D, he will ſee tne Sun at the Star &, and will 
perceive that he has changed his Place among the 
tars, and has moved from /, by 8, Il, to >: 
\nd while the Earth goes on in its Progreſs, and 
zoes to A, the Sun will be ſeen from thence to have 
noved through the Signs S, Y, and W: And 
ain while the Earth deſcribes the Semicircle A BC 
e Sun will appear to have moved, in the concave 


to A, 
again 


rbit be 
as the 
or the 
> Stars 
tor in 


Veu: Pace of the Heavens, through the fix Signs =, 
led by A, 1, Y, =, . And therefore an Inhabitant of 
ch ar e Earth obſerves the Sun, which is really im- 
m that Noveable, to go through the ſame Circle in the 
S were Heavens, and in the ſame Space of Time, that a 


ppeGator. in the Sun, would ſee the Earth de- 


Ecliy- Rue 


ns are 
"ab S, 
' the 
cor pics 


HENCE 


mim m, the Archer J. the Goat w, the Mater- Lecture 


A Spectator ſees the ſame Face of the Heavens, of the Sun 
nd the very ſame Conſtellations, as we have ſaid feen from 
> did before, while he was in the Sun; the only the Earth, 
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Lecture HEN E ariſes the apparent Motion of the $ 


VII. 


The Sun 
"will have 
juſt fuch 
Motions, 
when it ts 
obſerced 
from other 


Planets. 
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by which it is obſerved to creep every Day by lit 


and little towards the Eaſtern Stars; fo that if ani iſe! 
Star near the Ecliptick does at any Time riſe vi NY or 
the Sun, after ſome few Days the Sun will be ore 
more to the Eaf# of the Star, and the Star will re no 
before the Sun, and will likewiſe ſet before hin Went, 
So likewiſe a Star which is Eaffward of the Sun, a bene: 
is ſeen after the Sun ſets, at a confiderable Diſtance Br: 
from him, in the Space of ſome few Days will «Mit has 
with the Sun, and will no more be ſeen after the 7/7 
Sun goes down. This Motion of the Sun, which ivo P 
contrary to the apparent diurnal Revolution of ce o. 
Heavens from Ea to Ven, was eſteemed to ud if 
real by the Followers of Ptolemy, who maintained, ens 
that the Sun and all the Stars had two Motions, con- Points 


trary to one another, the one common with the 
Heavens from Eaſt to Mig, in the Space of 2 
Hours ; the other proper, and peculiar to each, and 
was from the Veſt to the Hat; which Courſe the 
Sun finiſhed in the Space of a Year, But we har 
ſhewed, that there is no ſuch real Motion in the 
Sun, and that it is only apparent, ariſing from tht 


nly 
plainh 
jon. 


Motion of the Earth. hich 
Tu Inhabitants of all the other Planets will cribe: 
obſerve juſt ſuch Motions in the Sun, and for the ed tt 
very ſame Reaſons that we do in our Earth And Circle 
the Sun will be ſeen from every Planet, to deſcrive ne © 
the ſame Circle, and in the fame Space of Time ral! 
that a Spectator in the Sun would obſerve the PH. Ir 
net to do. For Example: An Inhabitant of Jui f the 
would think that the Sun turns round him, add 
would fee him deſcribe a Circle in the Heavens in lane 
the Space of twelve Years; that Circle would not the E 
be the ſame with our Ecliptick, and the Motion of etc F 
the Sum would not be through the ſame Stars, which ri 
he appears to us to paſs by. And upon the ſam le ar 
Account the Sun feen from Saturn will appear to inv 
move in another Circle, diſtin from either of the f . 
We 


former, and will not ſeem to finiſh his Period - lels 
Ie 


of 
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ime than 30 Years, Since therefore it is impoſſi- Lecture 
| that the Sun can have all theſe Motions really VII. 
itſelf, and there can be no Reaſon ſhewn, why Coag 


he 8. 
by lit 
t if am 


iſe wü one of them ſhould belong really to the Sun 
| be gu ore than the reft, we may ſafely affirm that there 
will tere none of them real, but that they are all appa- 
re hin Went, and ariſe from the Motions of the reſpective 


un, and 
Jiſtancy 


Planets. 
BESIDES this annual Circulation of the Earth The Cyra- 


will («it has alſo a vertiginous Motion round its Axis, from Len of the 
fter tee Veſt to the Eaſt, in twenty-four Hours: The Earth 
which vo Points in which the Aris meets with the Sur- 8 

1 of te ece of the Earth, are called the Poles of the Earth; 


to be 
ntained, 
1S, con- 


nd if this Axis be indefinitely produced to the Hea- The Poles, 
ens both Ways, it will mark in the Heavens two 
Points, which are called the Poles of the Heavens : 


1th te very Point on the Surface of the Earth, except 
> of be Pole, will deſcribe the Circumference of a Cir- 
ch, ale bigger or leſs, according as it is further diſtant 
rſe ther nearer to one of the Poles, The Poles are the 


ye have 
in the 
om the 


nly two Points which have no Verticity : This 

plainly follows from the Nature of a vertiginous Mo- 

on, Any Place on the Surface of the Earth, 

hich is equally diftant from both the Pales, de- 

cribes by its Rotation a great Circle, which is cal 
ed the Æquater of the Earth, or the Aquinottial The A- 
ircle; and the reſt deſcribed by Points nearer to Jvator, or 


ets Will 
for the 
2 And 


deſcribe ne of the Poles, are lefler Circles, and are called ©: wo 
F Time i arallels. Pal 
he Pl-W Ir we imagine a Plane to paſs over that Point 
Jupite, pf the Earth's Surface on which the Spectator ſtands, 


n, and 
vens in 


ind to touch the Globe of the Earth there; this 
lane, extended as far as the Heavens, will divide 


id not ebe Heavens into two Parts, and its Section with 

tion of the Heavens will make a Circle, which is called the The Hori- 
which iz; and it will ſeparate or diſtinguiſh the viſi- zon. 

e ſame le and open Part of the Heavens, from that which Plate III. 
pear u inviſible, and which the Opakeneſs and Convexity Fig. 2. 

of tief the Earth hides from us. This Horizon which The Senfi- 
| in live have deſcribed is properly the Senfible Horizm: ble and 
Time | The Rational 


Horizon. 
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Lecture The Rational Horizon being a diſtinct Circle wh 
VII. paſſes thro? the Center of the Earth, and is para 


nd t 


to the Senſible which touches the Surface, f ſtr 
88 theſe two Circles, tho” they are diſtant from one a 
other by the Semidiameter of the Earth, yet in dif int 
Heavens they may be reckoned as coinciding ; 5 her 
that Semidiameter is but a Point, in Compariſons” # 
the Diſtance of the Heavens. ess al 
The Rota- SINCE the Earth turns round its Axis, the d] ſhi1 
tion of the tator, ſtanding on its Surface, muſt likewiſe tu 
Earth round with it the ſame Way, that is, towards Me 
produces an Eaſt : And therefore all the Bodies in the Heaven 
MI which are placed in the Eaſt, and were not to | Lalf r 
of the * ſeen by Reaſon the Plane of the Horizon was abo ting 
eee, them, will become viſible, when by the Rotata Ca 
737 Earth. this Plane ſubſides, and comes under them. So like wh 
wiſe the oppoſite Part of this Plane towards Heer 
Mast, riſing above the Stars, will hide them fra 
the Sight of the Spectator, and all the Stars in th Ir 
Meſt will become inviſible, Hence it is, the Sto; litio 
of the Eaſtern Side of the Horizon will appear u * 
riſe above the Horizon, becauſe the Horixon deſcend: Id C0 
below them; and the Stars on the We/tern Side vii. Pl 
appear to ſet, or go below the Horizon, becauſe th und, 
Horizon does really get above them. Hence ariſe led 
that apparent Motion of all the Bodies of the Ut 
verſe that do not adhere to the Earth, wherewit nd t] 
the whole ſtarry Firmament, and every Point of the wa. 
Heavens ſeem to revolve about the Earth from Ei © 
to Meſt; every Point deſcribing a greater or leſe * 
Circle, as it is more remote, or nearer to one . 
the Celeſtial Poles : And theſe Celeſtial Poles wid Fee 
are made by the Production of the Earth's Axis u nec 
the Heavens, are the only Points in the Heavens of ( 
which appear to be immoveable. it's 
j ALTHo' every Place on the Surface of ti 20 
1 | terraqueous Globe, is illuſtrated by all the St * 
| which are above the Horizon of that Place, 0 F t 
| rather when the Horizon is under the Stam, ed " 
yet the Illumination made by the Sun is ſo pre u 
an 


* 
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de Regection of its Light by the Atmoſphere Lecture 


= 
one a 
t in th 
ng; i 


rifonds 


1E Sper: 
iſe tun 
ards th 
leave 
t to h 
8 about 
Rotation 
So like 
rds the 
m fron 
in tle 
1e Star, 
Jpear ti 
deſcend 
ide wil 
auſe the 
de ariſe 
he Un. 
\erewlth 
t of the 
m Ee 
or lefler 
one 0 
5s which 
Axis to 


Jeayens 


of the 
ne Stan 
lace, d. 
Stars 


0 great, 
and 


ſtrong, that the Sun, when he is above the He- VII. 
iz, does with his Preſence quite extinguiſh the WY 


aint Light of the fixed Stars, and produces Day: Vence 


hen the Sun withdraws himſelf, and goes below Day-light, 
ur Horizon, or, more properly, when our Horizon hence 
ets about the Sun, he then gives Leave to the Stars Night, 
d ſhine and appear, at which Time it is Night, 

ow ſince the Earth is an opake ſpherical Body, at 

great Diſtance from the Sun, one Half of it will 
Iways be illuminated by the Sun, while the other 
lalf remains in Darkneſs: And the Circle which 7z- Carel 
ſtinguiſhes the illuminated Face of the Earth from bounding 

e dark Side, is called the Circle of the Interſec- Light and 
on of Light and Shadow ; a Line drawn from the Darkneſs. 
enter of the Sun, to the Center of the Earth, is 

ways perpendicular to the Plane of this Circle. 

Ir the Axis of the Earth had been placed in a 

ſition perpendicular to the Plane of the Ecliptick, 

en in that Caſe the Plane of the Earth's Aquator 
d coincided with the Plane of the Ecliptick, or 


Sc Plane of the Earth's Orbit; and the Circle 


punding Light and Darkneſs, would have always 

led thro! the Poles of the Earth, and cut the 

quator and all its Parallels into equal Portions : 
nd therefore, in that Caſe, the Sun and all the 

ars would have remained as long above the Hori- 
u, as they would have lain hid under it, and the 
ys would have been conſtantly equal to the Nights. The Axis 
t now as the Caſe is, the Axis of the Earth is not of the 
rpendicular to the Plane of the Ecliptick, but is Earth ze | 
lined to that Plane, and makes with it an An- vet perpen- 
of 664 Degrees; and therefore the Plane of the car to 
Irtl's Æquator cannot coincide with the Plane of tbe Om 
Eclipticz, but theſe two Planes make with one 25 os " 
ether an Angle of 23: Degrees. 8 
Sie of 231 Deg 
Ir the Plane of the Earth's Ægquator be ima- The gui. 
ed to be produced as far as the fixed Stars, it will n:&ial of 
de make a Circle which is called the Celeſtial e Hea- 
JunoCtial ; which is exactly over the Terreſtrial ver. 
| F Aqui- 
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Lecture AquinoRtial : This Circle makes with the EcliptiqW\ 
VII. in the Heavens, an Angle likewiſe of 233 Degree 
wyxyI Tre. Zarth in its Revolution round the Sun dg 
The Paral- in ſuch a Manner proceed in its Orbit, that! 
' feliſm of keeps its Axis parallel to itſelf; that is, if a Li 
the Earth's be drawn parallel to the Axis while it is in ay 
Axis. one Poſition, the Axis in all other Poſitions or Pin 
of the Orbit will always be parallel to that fan 
Line, and it will never change its Direction, hy 
always look towards the ſame Point of the Heaven 
And this will neceſlarily be, if the Earth have u 
other Motion but that round the Sun, and the othe 
round its own Axis. For ſuppofe any Body, whd 
Center is carried in the Line A B, and in Ay 
ſhould mark any Diameter C D, which is incl 
Plate III. in any Angle to the Line AB; if this Body han 
Fig. 3- no other but a progreſſive Motion in the Line A! 
when it comes to the Point B, the Diameter CI 
will be in the Situation c d, and its Poſition will k 
parallel to the former Poſition C D: Now if 
ſhould be impreſſed upon this Body a Rotation roun 
CD as an Axis, all the Diameters of the Body ul 
conſtantly change their Poſition by this Rotation, a 
cept the Axis, which will remain in its forms 
State: The Points in the Axis being the only Point 
in the Body which have no Rotation, But ti 
Axis, as was ſhewed, did before the Rotation alws 
preſerve a Poſition parallel to itfelf ; therefore au 
the Rotation is impreſſed upon the Body, the 4: 
will ſtill keep parallel to itſelf. 

HENCE it is evident, that there is no Need of 
third Motion for the Earth, as ſome have imagin 
it muſt have, to make it keep its Axis parallel to itlel 
For to this Effect there is nothing more requim 
than that it ſhould have only the former two, wi 
which alone it will necellarily keep its Aris parall 
to itſelf. | 

SINCE the Plane of the Equator does not coi 
eide with the Plane of the Ecliptick, theſe t 
Planes muſt cut one another in a right Line; g 
— * li 
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liprialif while the Earth turns round the Sun, the com- Lecture 


eorez mon Section of theſe two Planes will likewiſe al- VII. 
n U rays remain parallel to itſelf, for the ſame Rea- yay 
that on, as we ſhewed in the Poſition of the Earth's 

a Loris: And therefore this Section or Line, in which 

in Abe Planes cut one another, will always be direct- 

or Pr ed towards two oppoſite Points of the Ecliptick, and 

t fans ill always look to the ſame Points of the Uni- 

Mn, bi erſe, . 
eaver i A great Circle in the Heavens paſſing thro' the 27 quiz 
1ave u 70 Celeſtial Poles, and the common Section of the _—_ 

ve ot rquator and the Ecliptick, is called the Equi- * * 

„ Wh Colure Another Circle, cutting the former Solftitial 
n Aw the Poles at right Angles, is called the Solſtitial Colure. 
inch oe, which paſſes thro' the Points where the | 
dy hfEquator and Ecliptick are at the greateſt Diſtance 

ne A om one another, and cuts likewiſe both theſe 

er Circles at right Angles ; and therefore does likewiſe 

will + thro' the Poles of the Ecliptick, or that Point 


hich is every-where equally diſtant from the 
n rouWcliptick. The four Points in which theſe two 


Zody 1 alures interſect the Ecliptick, are called the four 
tion, ardinal Points; becauſe when the Sun is ſeen in The Card;- 
> ſome em, he determines the four Seaſons of the Year. nal Points, 
ily Pointe two Interſections of the Equine&tial Colure 


ith the Ecliptick, are called the Eguinoctial Points; 


on alu e other two, being the Interſections of the Solſti- 
fore a/ Colure with the Ecliptick, are called the So//ti- 
the Ar pl P omnts . 


SUPPOSE now the Eye of a Spectator to look Plate III. 
m afar, obliquely upon the Orbit of the Earth; Fig. 4. 
will then appear, or have a Repreſentation of 
Oral Figure, according to the Rules of Per- 


Need of 
imagine 
] to itſel 


requm tive; and in the Middle of this Oval the Sun 
two, will"! keep. Thro' the Center of the Sun 8, draw 
vis pauli 'zht Line J 8 = parallel to the common Sec- 


n of the Equator and the Ecliptick, which will 


not cet with the Ecliptick in two Points V, =: And 
theſe en the Earth ſeen from the Sun is in either of 
Line; Points, the right Line 8 Vor 8 , which 


wb F 2 joins 


98 
. * - , 
WIS, ' 

* * 


W p CS 


— — — 


_— — . 4 . N 
1 — . — AA — —— —— — 


ä — — — 


— 


* — 


68 ASTRONOMICAL 


Lecture joins the Center of the Earth and Sun, will com. 


VII. cide with the common Section of the Equator ane 
Wy<. Ecliptick ; and will then be perpendicular to. te A 
The «iff:- Axis of the Earth, or of the Æquator, becauſe it i WW" 
rent IIlu- in the Plane of the Æquator: But the fame Lin 
mination of is alſo perpendicular to the Circle which bound n 
the Paral- the Light and Darkneſs ; and therefore the Axis d pal 
lels, ac- the Earth will be in the Plane of that Cirele, whic iP" 
ie”; % will therefore paſs thro* the Poles of the Earth, au 
＋ _ will cut the Æquator and all its Parallels into equi 8M?" 
Rach 4 Parts. When the Earth therefore is in the Begin. [ 
the 'E dlip- ning of E, the Sun will be ſeen in T, in the come 
tics. mon Section of the Equator and the Ecliptick; The 
The A and therefore it will appear in the Celeſtial qu - © 
pearances noctial, and will not be ſeen to decline to either oF" 
avhen the the Poles ; but being exactly in the Middle betwen * 
Earth 7s in both, it will then, by its apparent diurnal Revo. al 
Libra, and tion, deſcribe the Celeſtial Aquinoctial. In thi 12 
the Sun is poſition of the Earth, the Sun will exactly illumi Ne 
2 * nate the Earth from Pole to Pole; and, as we ſaid ther 

* the Circle bounding Light and Darkneſs will a _ 

the Parallels exactly into equal Parts; and every Point cul; 
of the Earth, being carried round by the vertiginos|Mi, ©! 
Motion, will remain as long in the obſcure Sid Yorth 
as it was in the Light or illuminated Portion t 
the Earth's Surface: And therefore at that Tims, 7 
thro' the whole Globe of the Earth, the Day wil Ci 
be equal to the Night: From hence the Circle whit e C 
that Day the Syn ſeems to deſcribe in the Heavens 3 
has obtained the Name of A*guine#tal, 8 3 
The Ap- THe Earib in its annual Motion going by De NEU 
penrances grees thro” M and Þ towards V, and the commot rectly 
when the Section of the Equator and the Ecliptick remaith "ere 
Earth is in ing always parallel to itſelf, it will no longer pub 5 
Capricorn. through the Body of the Sun; but in M it makes 2 


right Angle with the Line 8 P, which joins 0 
Centers of the Sun and Earth: And becauſe . 
Line SP is not in the Plane of the Aquator, bu 
in that of the Ecliptick; the Angle B P 8, whid 
the Axis of the Earth makes with it, will not 10 
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Lecture is called the Ar#:ic+ Polar, the other the Antare. 
VII. tick. And while the Earth is in P, all that Tad 
WW of it which is included within the Polar Circk 
K L, continues in the Light, notwithſtanding thy 
conſtant Revolution round the Axis; and the Ina. 
bitants there enjoy a continual Day. On the con. 
The Arc- trary, thoſe that lie within the Antar&ick Circh 
tick and , remain in continual Darkneſs, having all Nigh 
AntarQick without any Day. Beſides it is likewiſe manifel, 
Circles. that all the Parallels between the Æquator and the 
Arctic Circle, are cut by the Circle bounding 
Light and Darkneſs, into unequal Portions ; the 
largeſt Portions of theſe Circles remaining in th 
Light, and the ſmalleſt in Darkneſs : But thoſe Px 
rallels which are towards the Antarfick Circle har 
their greateſt Portions in Darkneſs, and the leaſt u 
the Light; and the Difference of theſe Portion 
will be greater or leſs, according as the Circles ar 
nearer to the Pole, or to the ÆAquator. Thereſon 
in this Poſition of the Earth, when the Sur is fe 
in S, the Inhabitants of the Northern Hemiſphr: 
will have their Days at the longeſt, and thet 
Nights the ſhorteſt ; and the Seaſon of the Year wil 
be Summer: But in the Southern Hemiſphere the lu. 
habitants will have their Nights longeſt, and thei 
Days ſhorteſt ; and they will be in their Winter de. 
ſon. 
When the AND in every Place the Length of the long 
Days are Days will be the greateſt, and the Nights the ſhortel 
longeſl. according as the Place is further removed from 
When Aquator, and comes nearer the North Pole. We i 
foorteft. likewiſe, that of all the Parallels, there is only tl 
Aquator which is cut into equal Parts by the Ci 
cle bounding Light and Darkneſs, they being bot 
of them great Circles: And therefore it is only tt 
Inhabitants of the Earth that live in the AEquato! 
that have their Days conſtantly equal to their Ni 
throughout the whole Year. 


WHILE the Earth goes on from W by = * 
to Y, in which Time the Sun is ſeen to ft 
thou; 
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Lecture through the Arch CN, which is 47 Degreg 

VII. Therefore the Inhabitants of all Places of the Fa 
that are beyond the Tropicks, towards either of the 
IÞrhabi- Poles, have the Sun in their Summer 47 whole De 
tants o- orces nearer to their Vertex, or to the Point d. 
awards realy over their Heads, than in the opppoſite Tine 


_—_ = of Winter. This Change of Situation in reſped 
— bs to the Sun, does nat ariſe becauſe the Earth is mie 
Degrees or depreſſed, but on the contrary, becauſe it is m 


wearer where depreſſed, and no where raiſed ; but with i 
their Ver- Axis keeps the fame immutable Poſition, in refpet 
tex at one of the Univerſe, only going round the Sun which 
time of the placed in the Center of its Orbit, and the Axis ther. 
Year than of retaining the ſame Inclinatian to the Plane of the 
another. Orbit, and the fame Situation in reſpect to any othe 
fixed Line, | 
Km aff ALL we have here ſaid will appear evident u 
theſe 4p- our Eyes, if we light a Candle in a dark Ron, 
pearances and take a ſmall Globe of two or three Inche 
may be re- Diameter, in which we muſt mark the Poles, the 
preſented to Æquator, ſome Parallels, and ſome Meridians, or 
the Eye. Circles paſſing from Pole to Pole : Then we muſt þ 
hold this Globe before the Candle, that its 4 
may not be perpendicular to the Plane of the Tabk 
on which the Candle ſtands ; but let it be inclined to 
it, in an Angle nearly of 663 Degrees: Then plac 
the Globe in ſuch a Manner, that one of its Pi 
may point directly Nerthward ; and let the Light d 
the Candle firſt reach from Pole to Pale; that i 
let the Circle bounding Light and Shadow firſt paß 
through the two Poles of the Globe : Then let tie 
Poſition of the Axis be well obſerved, and then mort 
the Globe round the Candle with your Hand, in: 
Circle parallel to the Horizon, holding it fo that the 
Axis may always point the ſame Way, and retait 
the ſame Inclination to the Horizon. This dont, 
you will ſce that the Flame of the Candle will u 
the ſame Manner illuminate this Globe, as the Su 
actually does the Earth: And the Poles of tit 


Globe, its Equator and Parallels, will aer, the 
DA 
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Jeme Viciſſitudes of Light and Darkneſs, which we Lecture 
Wave now explained, | 


Tae like Phenomena or Appearances may be ob- II. 


ſerved from any other Planet that turns round its Te Ig 


is. For Example: Jupiter performs his Gyration Appearan. 
in the Space of ten Hours; and therefore a Jovian, ces from 
or an Inhabitant of Jupiter, will ſee the whole any other 
Heavens, and even our Earth together with the Sun, Planet that 
o have a rapid Motion round his Body in the Space n round 
ff ten Hours: But the Axis of Jupiter is very near- 
y perpendicular to the Plane of his Orbit, and 
erefore the Circle bounding Light and Darkneſs 
n Jupiter, does always nearly paſs through his Poles ; 
and therefore the Days and Nights in the Planet are 
moſt conſtantly equal. Hence it ſeems the Fovians 
enjoy an uniform temperate Seaſon, without being 
neaſy at the approaching Heats of the Summer, or 
he Gods of the Winter, 
Ir through the Center of the Sun or Earth (it The Axis 
s no matter which, for theſe two Points at the Di- F the E- 
ance of the Stars will ſeem to coincide) there be c/iptick. 
aiſed a Line which is perpendicular to the Plane of 
he Ecliptick, and this Line be produced to the 
eavens, it is called the Axis of the Ecliptick ; and 
he two Points, which this Line on both Sides pro- 
luced, does tend to in the Heavens, are called the 
Poles of the Heavens, Now if we imagine great 737 Poles. 
arcles to paſs through theſe Poles, and by every 
ter or Planet, they will all be perpendicular to the 
Plane of the Ecliptick, Theſe Circles are called The Secon- 
herondaries of the Ecliptick, or Circles of Longitude, daries of 
And an Arch of one of theſe Circles intercepted be- e Eclip- 
ween any Star and the Ecliptick, is called the La- 75 1 
tude of that Star, or its Diſtance from the Eclip- DS * 
ck; which may be either North or South, accord- Star 
g as the Star is upon the North or South Side of 
he Ecliptick, So alſo an Arch of the Ecliptick be- 
ween the firſt Point of V, or its Interſection there 
dich the ZEquator, and the Point where the Circle q;, Longs- 
It Longitude paſſing through a Star, cuts the Eclip- de of a 
Ik, is called the Longitude of that Star. Star. 


AFTER 
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Lecture AFTER the ſame Manner if there be conceiy 
VII. innumerable Circles to paſs through the two Pa. 
of the Earth, and through each Place on its Su., 
face, they will all be perpendicular to the Æquator 
and they are called Secondaries of the Equator Wl 
But in reſpect of the Places through which the 
_ paſs, are called Meridiuns; becauſe when th 
„ Sun 2 720 in any Place, in the Plane of fuch Circ 
it will be Mid-day to the Inhabitants of that Place 
The Arch of one of theſe Secondaries intercepte 
between any Place and the Æquator, is called th 
The Lati- Latitude of the Place, or its Diſtance from ti: 
tude of 4 Fquator, which may be likewiſe either North « 
Place. South : And that Arch of the AÆquator, that liz 
between the Interſection of the ſecondary paſſg 
through any Place, with the Equator, and an 
Jes Lmgi: Other fixed Point in the Equator, is called th 
fade. Longitude of that Place, 
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CECTURE VAI, 


cerning ſeveral other Phenomena or 
Abearances, which depend on the Mo- 
ion of the Earth. 


INCE the Earth turns ſo round the 

Sun, that its Axis always remains pa- 

Pl rallel to itſelf, it ſeems neceſſary that 

l this Axis, at different Seaſons of the 

Jl Year, ſhould point to different fixed The Axts 
Stars, and that the Star or Point of of the 
Heavens, which is directly over the Pole of the Earth 

rth in the Summer, ſhould not be fo directly og to 
Er it in the Winter; but that the Axis ſhould Point to dif- 
Wnt to another Star, whoſe Diſtance from the er = Stars 
mer ſhould be equal to the whole Diameter of - ifferent 
Earth's Orbit. Fur 2 
For let AC BD be the Orbit of the Earth, in plate IV. 
Poe Center is the San S; AB the Diameter of Pig. 1. 
Orbit: When the Earth is at A, its Axis is 
ected to a Star E, which is directly over the 

of the Earth Now when the Earth comes to 

oppoſite Point of the Orbit B, the Axis being 

a Poſition parallel to its former Pofition, it will 

longer point to the Star E, but to another Star 

which two Stars will be diſtant from each other 

whole Length of the Diameter of the great Or- 

| But the angular or obſervable Diſtance of the 

5 i the Angle EBF, which is equal to the An- 
AEB, by the 29th Prop. 1ſt Book of Euclid. 

it the Angle AEB is the Angle under which the 

pameter of the great Orbit, or Orbit of the Zarth, 

ſeen from the Star E, which Angle ah 


| 


— — 
— — 


— — << — — If 
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Lecture AEB is called the Parallax of the great Orbit; » 


VIII. 


biſtance of the Star E, from the Earth, in ref 
The Paral- of the Sun's Diſtance from us. For in the Trian 


lax of the 


reat Or- 
t. 


This Pa- 
rallax 
tarcely to 
4 obſer- 
ed, 


The Di- 


flance of 
the Stars 
uncertain. 
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if it could be obſerved, we might by it find g 


EA B, we have the Angle E, which is equal to 
Angle EBF, which we ſuppoſe we can obſery 
we have likewiſe the Angle E AB, which in t 
Equinoctial Points is always a right Angle; and 
the So//ttces it is equal to the Inclination of 
Earth's Axis to the Plane of the Ecliptick, ant | 
always equal to the viſible Diſtance of the Sun fr 
the Pole: Hence in this Triangle we have all th 
Angles ; we have likewiſe the Side AB, and con; 
quently, by Trigonometry, we can find the Side A 
or EB, the Diſtance of the Star E from the Ear; 
Bur the Truth is, that the Diſtance of the St 
is ſo great in reſpet of AB, and the Angle EBE 
is ſo very ſmall, that there can be no Inſtrument 
made nice enough to obſerve it exactly; and thy 
who have taken moſt Pains to find it out, coul 
never obſerve it to be ſo great as one Minute 
And ſince in the Obſervation of ſuch ſmall Angie 
Errors are ſcarcely to be ayoided, and ſuch too 
will in the Computation produce prodigious Dit 


ferences in the Diſtances which depend upon them fr 
we cannot ſafely truſt ſuch Obſervations : For nne 

with Mr. Flamſteed, we ſhould ſuppoſe the Parallax, race 
or the Angle EBF, to be 42 Seconds, and there H the 
an Error committed in Obſervation, which make L 
the Angle 25 Seconds greater than it really is, u the 
no Man can be ſure that he has not committed ſu. H, 
an Error) the Diſtance of the fixed Stars, in thit hrou 
Caſe, will really be double of what our Obſervation cle 
makes it. But if the Obſervations happen to Em: 
leſs accurate, ſo that there may be a Minute or mg. 
between them and the Truth, (and moſt of our Oe x, 
ſervations are ſuch) the Diſtance that ariſes from tee ar 
Computations made upon ſuch Obſervations, will EH 
prodigiouſly wide of one another, and all of then: is 
very different from the Truth. rch 
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LECTURES. 


H1THERTO we have ſuppoſed the Axis of the Lecture 


tb to have remained in an immutable Poſition, 
4 to have continued in an exact Paralleliſm, and 


it the Earth had only two Motions, one Annual The Axis 
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nd the Sun, the other Diurnal round its Axis. of the 


it the Aſtronomers, from the Obſervations of Earth does 


ny Years, have found that the Axis of the vor pre- 
1th has not exactly kept its Paralleliſm, but has az 


iated a little from that Poſition; ſo that though 
e Variation in the Space of two or three Years 
ſcarcely ſenſible, yet in many Years, or in a Cen- 
ry or two, it is very obſervable: And therefore, 
hile we were explaining the Appearances of one 
ear, we ſpoke nothing of this Aberration 5 for 
at could no ways diſturb the Phenomena that were 
n to be explained; yet in the Compaſs of ſe- 
ral Years this Mutation or Change of the Po- 
ion of the Earth's Axis becomes very remarkable. 
the Direction of the Axis has been ſenſibly 
anged, though its Inclination to the Plane of the 
liptick has remained the ſame ; and from hence 
e find, that the Axis of the Earth has another 
lotion, which 1s here to be explained, | 

LeT the Line DCH repreſent a Portion of the 


cæadt Pa- 


ralleli/m. 


Plate IV. 


arth's Orbit, and let the Center of the Earth be Fig. 2. 


from which eret C E perpendicular to the 
lane of the Ecliptick, meeting with the concave 
rlace of the Heavens in E: This Line CE will 


the Axis of the Ecliptick, and E the Pole of of the E- 


Let CP be the Axis of the Earth produced 
the Heavens; P will be the Pole round which 
e Heavens have an apparent diurnal Revolution. 
hrough the two Points E and P, draw a great 
ce EP A, which paſſing through the Poles of 
th the Ecliptick and Equator, will be perpen- 
cular to both thoſe Circles. Let it meet with 
e Ecliptick in A; the Arch PA will meaſure 
Angle PCH, which is the Inclination of the 
as of the Earth to the Plane of the Ecliptick ; 
at is, it will be 664 Degrees; and therefore the 
ch EP, which is its Complement to a Qua- 

| ; drant, 


The Axis 


cliptick. 


| 


— — — CGR oO 
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Tbe Pole 
of the 
World 
moves 
backward 
in a lefjer 
Circle pa- 
rallel to 
the Eclip- 
tick, 


The Sol- 
ſtitial Co- 
lure, 


Lecture drant, will be 234 Degrees; which Arch will ny 


flitial Colure, and A will be the So/ftitial Pait 
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ck an 
ill tli 
pticl 
in t 


ſure the Angle E CP; that the Axis of the Ech 
tick and the ZEquator make with one anoth 
From the Pole E, deſcribe through P a leſſer Cin 


PFG, which will be parallel to the Eclipticg e 52. 
and ſince the Axis of the Earth always keeps vi. wh 
fame invariable Angle with the Axis of the Ecliptieret 
it will always be directed to ſome Point in the ally 


riphery PFG, and the Pole of the World mii» in 
always be ſomewhere placed in it: So likewiſe, | 
the Axis of the Earth retained the ſame Diredi 
without any Change, as often as the Earth cn 
to the Point of its Orbit C, the Pole of the Heaven 
would be conſtantly in the indiviſible Point P: h 
we find, that the Po/e of the World does conſtant 
change its Place in the Periphery PFG ; andt 
Axis of the Earth, which before pointed to P, af 
72 Years will look to another Point Q, which i 
one Degree from P towards the Vet. And by th 
Means, the Axis of the Earth, or of the Worl 
is carried in a Conical Motion, or deſcribes the vu 
face of a Cone, whoſe Vertex is in the Center « 
the Earth, and its Baſe is the Circle PFG; u 
the Pole P will conſtantly move in the Periphe 
PF G, with a very flow and retrograde Motio 
from the Eat to the Ne, and does not finith it 
Circulation in leſs than 25920 Years ; after wi 
Time the Pole, having left the Star at P, does aui 
return thither, Hence it follows, that the St, 
which is now the Polar, and directly over the P: 
of the Earth, after 12960 Years, which is half tix 
Period of the Polar Revolution, will be 47 Degree 
diſtant from the Pole, which will then be directe 


tial 
ears 
ie I 
oints 
oints, 
e Jo! 
d ſo 
lptick 
ice 


to G. | Is M 
Trax Circle EP A being perpendicular to bor 
the Ecliptick and the ZEquator, will be the vs the 


which Point of the Ecliptick is moſt diltat 
from the Aquator : Now, after the Axis of t. 
Earth produced comes into the Poſition C Q, | 
there be drawn through the Poles of the Ech 
| I U 
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Lecture ward Motion of the Æquinoctial Points is called { 
VIII. Preceſſim of the AÆquinoxes, by which they: 
carried conſtantly back unto the preceding Signs: 

Preceſſion Stars, and fall more and more behind the ſuccey 
of the ing Stars, "3M 


LEqui- SINCE the fixed Stars remain immoveable, Hin f 
MoXes. the common Interſection of the Equator and ih the 
Ecliptick conſtantly falls backward, it muſt nem m 
farily happen, that the Diſtance of the Stars fuck 2 
the /EquinoCtial Points be conſtantly changed, u er, 


The Motion the Interſections moving Vſtibard, the Stars yil 
of the A ſeem to remove more and more Eaſtward in n: 
guinoctial ſped of the Æquinoctial Points: And therefore tle 
Points Longitudes of the Stars which are computed fron 
backward the firſt Point of TY, or the vernal Interſe&a 
_ the of the Aquator and Ecliptick, muſt conſtantly in 
5 5 mY e ; * vy the _ ng _ to ee a - 
tion Zaſtward, not that they have really any ſud 
2 Motion, but becauſe the #quinoQial Point ha 
Eaſt. contrary Motion to the Vet; ſo that the I 
ſtances of the Stars or their. -Longitudes from t 
firſt Point of Y reckoned Ea/tward, becomes con 
ſtantly greater, 
The Cn. HENCE it is, that all the Conſtellations hav 
feellations Changed their Places, and have deſerted the Stato 
have they kept, when they were obſerved by the fil 
changed Aſtronomers. Thus the Conſtellation of the Ku 
their which in Zipparchus's Time was near the Verii 
Places, Interſection of the Æquator and Ecliptick, en 
gave its Name to that Portion of the Ecliptick, i 
now removed from that Interſection a whole Sg 
or a twelfth Part towards the Eaſt, and is got in 
the Sign or Portion of the Ecliptick called Þ, 
the Bull : Thus alſo the Conſtellation Taurus, or tis 
Bull, does now reſide in Gemini, or the Twins ; at6 
the Stars which are called Twins, are at this Ds 
advanced to S, or the Crab; the Stars in tit 
Crab are got into the Place which was forme!) 


poſſeſſed by the Lion, and the Lion has driit 
the Virgin a whole Sign forward; and ſo ev" <q. 
Conte Myrbit 
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VIII. 
i i. 


Our Sum- 
mer is eight 
Days 
longer than 
Winter. 


The appa- 
rent Dia- 
meter of 
the Sun 
greater in 
Winter 
than Sum- 
MET, 


Lecture but in fome Places it moves quicker, in other Ph 
it flackens its Pace; and therefore the apparey 
Motion of the Sun in the Ecliptick cannot ben 
gular and uniform: And he is not obferved to g 
through the ſame Space of the Ecliptick every Dx, 
In our Summer he is obſerved to go with a ſlous 
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Motion, in our Winter he moves fomewhat faſter; 
and the Difference of theſe Motions in Summer ar 
Winter is fuch, that his Phce in the Ecliptick i 
ſometimes two Degrees above what it would be, j 
he had conſtantly kept the fame Pace; and fone. 
times it is two Degrees lefs: On which Accoun 
the Sun is obſerved to ſpend near eight Days ma 
Time in the Northern Signs of the Ecliptick, tha 
in the Southern Signs: ſo that from the Time d 
the Sun's being in the Yernal Æquincctie, till hy 
coming into the Autumnal, there are 1863 Day; 
in which Time by his apparent Motion he is ſeento 
deſcribe one half of the Ecliptick. But from th 
Autumnal Mquinoctie to the FVernal, there are only 
178; Days, in which Space of Time he finiſhes l 
Courſe through the other half of the Ecliptick, and 
viſits all the Southern Conſtellations. We are ab 


aſſured by the Obſervations of A/ronomers, that the 
apparent Diameter of the Sun in Winter, when te : 
Motion of the Sun is quickeſt, is greater than lit 


apparent Diameter in the Summer, when he ſlacken 
his Pace; and the Difference is fo great, that when 
the Sun appears biggeſt, he is feen under an Ange 


litio! 
mme 


of 32 Minutes 47 Seconds; but when he appear the 
leaſt, he ſubtends an Angle only of 31 Minutes ani” 0 
40 Seconds; and therefore the Sum muſt be farth ly O 


from us in Summer than in Winter. 
Sou Aftronomers, too pertinaciouſſy keeping tt 


circular Orbits, that they might give a fatisfacoy 

Account of theſe Appearances, ſuppoſed that te! * 

Earth did really move with an equable Motion in * 
H 


the Periphery of a Circle, and that if it were fe 
from the Center of that Circle, it would be ob- 
ſerved to deſcribe equal Angles round it; but tf 


ſuppoſed the Sun to be removed from that Cn 
ome 
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Lecture for an undoubted Truth, that all the Motions n in 
VIII. che Heavens were exactly circular, and in themſeh act 
w aequable: But after the great Kepler had more acc 

rately ſurveyed theſe Motions, and relying upon t 

Obſervations of the moſt induſtrious Tycho Braj, 
The eue he then found that the circular Hypotheſis would h 
Motions of no means anſwer to the true Motions of the Plan: 
the Planets And by a moſt certain and infallible Method of Rei 
are neither ſoning, he has ſhewn, that the Motions of the Pl 
in Circles nets are neither equable in themſelves, nor are th 
wor egua- Orbits exact Circles. For by the Obſervations 9 
ble. Bebo, he has proved beyond all Diſpute, that tk 
The Ellip- Figure of a planetary Orbit is an Ellipſe, which i 
tick Orbits deficient from a Circle, or of the Form of an On, 
of the Pla-and that the Planets Motion in this Ellipſe is realy 
* unequal, ſometimes quicker, and ſometimes ſlowe; 


and that, according to its Diſtance from the Sun, the 

Planet ſlackens or quickens its Motion. alled 

Plate V. Now the Ellipſis is a curved Line Figure, whidrme: 
Fig. 4. the Geometers commonly ſhew by cutting a Cone «if is « 
The De- a Cylinder obliquely : But its Nature will be mor C t! 
feription of clearly apprehended by Beginners from the followiniſhe C 
an Ellij/e. Deſcription : Imagine two ſmall round Sticks to E ente 
faſtened in any Plane or Paper, one in the Point HHendic 

the other in the Point G.; and ſuppoſe a Thea ere 

doubled with the two Ends tied together, whoſWML.ine 1 

Length muſt be greater than the Diſtance of ee 5. 

Points G and H, which thread put over the twcedin 

round Sticks: And let there be a Pen put in tinge! 

doubling of the Thread, which may keep it always In 
ſtretched with the ſame Force, This Pen, going n|ipſes 

this Manner round, will deſcribe by its Motion Hrbit 

curve Line, which is the Ellipſe we now ſpeak 0.7 of 

And it without changing the Length of the "Thread, its © 

we ſhould bring the round. Sticks a little cloſer t- Hat v 

gether, we ſhall then have another Ellipſe of a d-WWrbits 

ferent Kind from the former, and which will cone e Ci 

nearer to a Circle: And by bringing them fei TI 

nearer, we ſhall always change the Form of our E-W-llipfe 

bpſe, and bring it nearer to a Circle, till the Stich cert: 


come to be joined together in one; and then 1 
el 
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* in the doubling of the Thread will deſcribe an Lecture 
act Circle. Either of the Points G or H is called VIII. 
e Bus or Nave of the Ellipſis; and it we biſect 


emfely 
re acl 


pon G in C, the Point C is called its Center; the 75, Focus 
Bra ine DK paſſing through each Focus, and at each or Umbili- 
ould nd meeting with the Ellipſe, is called its Axis - cus. 
Plan: Hence it is evident, that if from any Point of the The Axis, 
of Re llipſis there be drawn to the two Focus's, as for 

the PIWxample from B, two Lines BH and B G, theſe 

Ire thro Lines joined together will always be equal to 

tions dhe Axis of the Ellipfis, and likewiſe equal to the 

that telWength of the "Thread, bating the Diſtance of the 

vhich e Fecus”s. 

Oui Now though this be the Form of the Orbit which 

is reihe Planets deſcribe, yet the Place of the Sus is not 

ſlower e Center of it, but he takes his Refſiderice in one 

un, ti the Facus's: And the Axis of the Ellipſe AP is 


plled the Line of the Ap/ides ; the Point A is plate IV. 


„ whidWrmed the higher Ap/is, and the Aphelion ; the Point Fig. 5. 
Cone oF is called the lower Apſis, and Perihelion : And The higher 


de mor C the Diſtance between the dun in the Focus and Apſis or 


NowinWhe Center, is called the Excemricity. If from the Aphelion. 
s to enter C, there be erected upon the Axis the Per- 1 he lower 
oint H,endicular CE, meeting with the Orbit in E, and — or 
Thrash ere be drawn from the Focus the Line S E; this 1 mage 
whole ine is called the Mean Diſtance of the Planet from Aa en 
of the E 


he Sun, which is equal to half the Axis; it ex- 

ceding the worteſt Diſtance by as much as the OO 
dngeſt Diſtance exceeds it. 

In the planetary Orbits, the Forms of the El- 

pſes do not differ much from Circles ; and in the 

Orbit of the Earth, the Excentricity S C is only 


he two 
in the 
always 
oing in 
lotion! 


eak c, 7 of ſuch Parts as SE the mean Diſtance con- 
[hreac, pits of 1000, which Excentricity is but half of 
fer to. at which the Aſtronomers that ſuppoſed circular 
f a dHrbits, attributed to the Diſtance of the Sun from 


come e Center, | 


m fi THe Motion of a Planet in the Periphery of an The Ru 
ur E. llipſe, is not at all equable ; yet it is regulated by ) ai 
Sticks certain immutable Law, from which it never de- , Planet 


Een the | G 3 viates Motions 


Pen 
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Lecture viates ; which is, that a Line or Ray drawn fro 
VIII. the Center of the Sun to the Center of the Ply 
Wy. Which is carried about with an angular Motion du 
are regu- ſo move, that it deſcribes or ſweeps an Ellipti 
lated, is Area, always proportional to the Time. Thus k 
the equable the Planet be in A, from whence in a certain Tiny 
Deſcription let it go to B; the Space or Area the Ray SA& 
of Ellip- ſcribes, is the Triline AS B: When afterwards th 
tic Areas. planet comes to P, and from the Center of the du 
8, there be drawn the Line SD, ſo that the Elly 

tick Space or Area PSD, may be equal to th 

Area AS B; then in that Caſe, the Planet vil 

move through the Arch PD, in the ſame Compi 


of Time that it did through the Arch AB, whid 81 

Arches muſt be unequal, and nearly in a recigr Sim, 

cal Proportion to their Diſtances from the Sun H prog. 

becauſe of the equal Area's, the Arch P D muſt gro 

ſo much in Proportion greater than the Arch A From 

as SA is greater than SP. This Law is ſufficient thou 
demonſtrated by the moſt ſagacious Kepler, in h him. 

Book which he intituled Commentaries on the Ma Hes 

tion of the Planet Mars. And unto this his I Dig 
vention, all the Mronomers do now give their AM «1 : 

ſent ; for there is no other Rule to be found, wha (Qs 

ſo well ſatisfies all the Appearances of the Pu por, 
Motions. whe 

The Mean AN Arch of a Circle, or an Angle, or the H ter 
Anomaly. Jiptick Area AS G, taken proportional to the T thei 
in which the Planet deſcends from A to G, is call or 

the Mean Anomaly of the Planet, But the An not 

As G, when the Planet comes from A to G, can 

The true Called its true Anomaly. But when the Motion fil hea 
Anomaly. the Planet is reckoned from the vernal Interſecia zn 
The Motion of the Æquator and the Ecliptick, or from the 5 gre 
i Longi- ginning of V, it is called its Motion in Langitudt WM our 
zude. which is either a mean Motion, ſuch as the Pu $1; 
would have, did it move uniformly in a Circle ro ye 

the Sun, or elſe the true Motion wherewith | Re 

Planet deſcribes its Orbit, and is reckoned by i Di 

Arch of the Ecliptick it is ſeen to deſcribe ; vb ch. 


trug 


Motion is ſometimes accelerated, and ſometimes Lecture 


v1 (roof ctarded, according to the Diſtance of the Planer VIII. 
a lang rom the 8un, in the various Points of its Orbit. 

ION da By this Means, for any given Time after that The Dare 
Ellip te Plaret has left its Aphelion, we find © out its mination of 
Thu b Place in its Orbit, viz. Let the Area of the El- à Planet”; 
N ee fo divided by che Line 5 G, that the whole Flac . 


liptick Area ow Fw x the ſame Proportion to the Ortir. 
Area ASG, as the whole periodical Time wherein 


the be Planet deſcribes its Orbit, is to the Time given; 

8 Eu. then G will be the Place of the Planer in its 

dog r orbit. The Geometers have given ſeveral Methods 
il 


for dividing in this Manner the Area of an Ellipſe ; 

"IF ſome of which we will ſhew in its proper Place. 

SINCE in our Summer we are further from the y :4- 
Sm, and when Winter comes on, we begin to ap- Sun's Hear 
proach him; ſome may wonder why the Earth is greater, 
grows warmer, while it is fill further removing #- he #s 
from the Sun ;, and again in the Winter, wit it /#rther 
ſhould be -colder notwithſtanding its nearer Acceſs to Vm us. 
him. But vre muſt obſerve, that the Degrees of 

Heat and Cold do not altogether depend upon the 
Diſtances from the Sun; but there are other power- 

ful and concurring Caufes, which have certain Ef- 

ſects in this Matter: For, firſt of all, the direct 

Force of the Sun's Rays is much ſtronger, than 

when they are received obliquely : Now in the Win- 

ter the Rays fall upon the 2 arth very obliquely, and 

their Power is not only diminiſhed on the Account 

of their Obliqueneſs, but alſo becauſe the Light is 

not ſo denſe, there being much fewer Rays which 

can come to a certain > Toren of the Surface to 

heat it, Moreover the Sun being low in the Hori- 

vun all the Winter, the Beams paſs through a much 


zeir Af. 
„ which 


Planet 


the El. 
je Tim 
is callet 
e Angt 
0 G, | 
Otion d 
erſectia 


% erster Quantity of Air, or are deeper immerſed in 
n our Atmoſphere in the Winter, than they ure in 
: Plan Summer, when the §un approaches nearer to our 
le wu Vertex, and the Force of the Rays is broke by the 
* Neſlections on ſo many Particles of Air: And the 
: y br Difference is ſo very great, that when the Sun is in 
J 


the Horizon, we can look upon him without hurt 
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VIII. 


———— 
The Days 


longer than | ; 
the Nights, Fire, the hotter it grows. Now in the Summ 
increaſe the for ſixteen Hours we are continually in the Sn; 


Heat, 
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ing our Eyes; but when he riſes higher, there 1 F 
enduring his Sight without blinding us. 3 
Bur there is another very powerful Cauſe whiz 3 
roduces the Variety of Seaſons ; which is, that ti 
(ot any hard and ſolid Body is expoſed to h 


Heat, and we have only eight Hours in the NH 
to cool: The contrary of which happens in tþ 
Winter, and therefore it can be no Wonder, tt: 
there ſhould be ſo great a Difference of Heat a; 
Cold in theſe two Seaſons. | 
SINCE the Power of the Sun is greateſt win 
his Rays fall upon us moſt directly, and when te 
Days are longeſt ; it would ſeem. that the great 
Heat ought to be when the Sun enters the Tropic 
of S; for then the Sun comes neareſt to our Ve. 


tex, and lieth longeſt upon us. But Experienc 


Wy the 
Heat is not 


4 reat 74 8 
evhen the 


Sun 1 12 of the Body muſt continually increaſe. And this b 


the um- 


ſhews us, that we have the greateſt Heat after that 
the Sun has left the Tropick; and the Seaſon bs 
comes warmeſt about the End of Juh, in the Dy We 
Days, when the Sun has paſſed the Tropick, and s 
removed from it above a whole Sign, > 
THAT we may give the true Cauſe of this I. We 
fect, it is to be obſeryed, that the Action of the Su, 
by which all Bodies are heated, is not tranſient, 3 
its Illumination is, but permanent: So that a Body | 
which has been once heated by the Sun, retains it 
Heat for ſome Time after the Sun has gone off it: 
So that the heating Particles which flow from the 
Sun, and are abſorbed by the heated Body, do for : 
certain Time remain within it, and do therein 
raiſe a Warmth or Heat. But afterwards, when 
theſe Particles fly off, or loſe their Force, the Body 
begins to cool: And therefore, if the heating Par- 
ticles, which are conſtantly received, be more than 
they which fly away, or loſe their Force, the Heat 


T 1 


our preſent Caſe: After the Sun has entered the | 


mer Tro- Tropick, the Number of Particles which heat our 
Pick. 


Atmoſphere and Earth does conſtantly increaſe, there 


enter- 
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| ring more in the Day-time than what we loſe Lecture 
| he Night-time, and therefore our Heat muſt VIII. 
greater. Let us ſuppoſe, for Example's fake, — 
there are a hundred heating Particles received in 
Day- time in Sun ſbine, and the Night being much 
ter, there ſhould fly off only fifty of them, other 
WW {till remaining there to excite Heat: The next 
Wy, the Sun acting with almoſt the ſame Force, 
WW impart another hundred Particles, of which no 
Wre than one half will fly away in the Night; fo 
t on the Beginning of the third Day, the Num- 
of Particles exciting Heat, will be increaſed by 
Hundred : And thus, while there are more Par- 
| Wcs that excite Heat received in the Day- time, 
| Wn what fly away in the Night, the Heat will 
Wiſtantly grow ſtronger. But then as the Days 
reaſe, and the Action of the Sun becomes weaker, 
Fre will at laſt be more Particles that fly away in 
Night-time, than what we receive in the Day- 
| Wc; by which Means the Heat of a Body will 
| pw every Day leſs, and the Earth and Air will 
| Degrees cool. 


LECTURE 
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Lecce I. 
Of the Moon, its Phaſes and Motion. 


F all the Bodies in the Heavens, i 
you except the Sun, the Moon appean 
to be the moſt ſplendid and ſhining 
Globe, and does more particularly be 
long to our Earth, of which ſhe is ar 
inſeparable Companion, And ſhe doe 
conſtantly abide ſo much in our Neighbourhood, 
that if ſhe were looked at from the Sur, ſhe coul 
never be ſeen to depart from us by an Arch greater 


than ten Minutes. She therefore is tied to the EH T 
and waits upon her as an Attendant, going along ſpher 
with the Earth round the Sun in the Space oft Light 
Year ; but in the mean Time ſhe has a proper O. Set 
bit of her own, which ſhe deſcribes round the Earth liſtr⸗ 
in the Time of a Month. * 
Tux Primary Planets have the Sun, which the 

- 1 225 regard as a Center, for the Regulator of their Mo- of th 
Shapes and tions; and ſometimes they approach us nearly, at 4s 
Phaſes, other Times they move away to a great Diſtance * . 
from us, But the Moon, like an Earthly Body, i On 
* kept in our Neighbourhood by a natural Propenſon 3 
or Gravity towards us; by the Means of which 1“ 
is conſtantly turned gut of a rectilinear Courſe, and mol 
is obliged to perform its Revolution round about 15 1 
in the Space of 27 Days and ſeven Hours, Ihe E F 

ſoo puts on ſeveral Praſes and Appearances, and i 55 
always changing its Figure; and with the Multitude on 
of her Forms, ſhe has frequently puzled the Minis 5 4 
and Underſtandings of thoſe Philoſophers, who hate 1 1 
moſt contemplated her: Sometimes ſhe increaſes and 4 ap 


grow 


al 


* 


ion. 


ens, i 
appean 
ſhining 
rly be. 
he is at 
ſhe dos 
urhood, 
e could 
oreater 
e Kart) 
g along 
ce of 1 
per Or- 
— Earth 


ch they 
eir Mos 
rly, at 
Diſtance 
Body, | 
openſ10n 
vhich it 
rſe, and 
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3, The 
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| grows bigger, then again ſhe wanes, and diminiſhes, Lecture 


25 it were, in old Age; ſometimes ſhe is bended in- IX. 
to Horns, and then again ſhe appears like a half, 3 
Circle; at other Times ſhe looks gibbous or 
hump-back'd, and immediately ſhe aſſumes a full 
globular Face; and afterwards, by Degrees, ſhe diſ- 
appears and loſes all her Luſtre ; ſometimes ſhe enlight- 
ens us the whole Night, 2t other Times ſhe does 
not appear *till late at Night: And, even in a to- 
tal Eclipſe, ſhe is frequently viſible, though with a 
very languid and pale Countenance : Sometimes ſhe 
keeps in the Souibern Region of the Heavens; at 
other Times, ſhe riſes high, and viſits the Northern 
Hemiſphere, All theſe Things were firſt found out 
by Endymion among the Greeks, who was the firſt a- 
mong them who watched her Motions ; and upon 
that Account, was ſuppoſed to have fallen in Love 
with her. 

Tuk Moon, like the Earth, is a dark, opake, and The Moon 
ſpherical Body; and only ſhines with the borrowed#s 4 Sphe- 
Light of the Sun: For it is the Sun who is the 1c O- 
great Luminary in our Syſtem, and who always il- Pate Body. 
luſtrates that Half of the Jon's Body, which is 
turned towards him ; whilſt the other Half, which 
is oppoſite, is involved in Darkneſs : But the Face 
of the Moon, that can be ſeen by the Inhabitants 
of the Earth, is that which is turned toward the 
Earth: And therefore, according to the various 
Poſition of the Moon, in reſpe&t of the Sun and 
Earth, we do obſerve different Illuminations and 
Degrees of Illuſtration ; at one Time a larger, at 
another a leſſer Portion of the illuminated Surface 
is to be ſeen; ſometimes there is no Part of it viſi- 
ble, and ſometimes we obſerve the Wl ole, and ſee 
the Moon with her full Face. But for the better 
Underſtanding of this Matter, we will explain 
it by a Figure. Let S repreſent the Sun, T the Plate V. 
Eart', RT S a Portion of the Earth's Orbit, Fig. 1, 2. 
which it deſcribes in its Annual Courſe round the 
dun. Let ABCDEFGH be the Orbit of 

the 
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Lecture the Moon, in which ſhe turns round the Earth n 


IX. 
The true 


Motion of Senſes ; for if the Moon be obſerved to arrive x 
the Moon the Meridian any Night with a fixed Star, the next 
from Weſt Night ſhe will be 52 Minutes later in coming 9 


to Eaſt. 


The Circle the Center of the Moon, imagine a Plane M LY 
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hen t 
ircle 
orm, 
wing 
here 
| tov 
nd tl 
he is 
hat 1s 
Moon 

ach 0 
rate 


the Space of a Month, from the Veſt towards th 
aft e 
Tris Motion of the Moon is evident to on 


the Meridian, or in Southing, than the Star; ſte 
having receded from the Star about 13 Degree 
towards the Eat. Join the Centers of the in 
and Moon, with the right Line 8 L; and throw 


zn the to paſs, to which the Line S L is perpendicul:: Ne 
Moon The Section of that Plane, with the Surface of tie IP! 
—_— Moon, will produce the Circle which bounds Lt Nrds 
D. 105. and Darkneſs in her, and ſeparates the inlightened HOware 

% Face, from the dark and obſcure Side. In te es: 


The Grele which Circle may therefore be termed the Circl f 


y 


2 

Fart v 
nto n 
yhat 

NT Li 
loth f 
nd tl 
D. 
o Pa 


fame Manner, let the Centers of the Earth and 
Moon be joined by the right Line T L, which is 
perpendicular to a Plane PL O, paſling thro' the 
Center of the Mmm; that Plane will make, on the 
Surface of the con, the Circle which diſtinguilh- 
eth the viſible Hemifphere, or that which is towards 
us, from the inviſible, which is turned from us; 


of Viſion. Viſion. 
HENCE it is manifeſt, that whenever the Min ul thi 
The Phaſis is in the Poſition A, in the Point of its Orbit oppo- ards 
of the ſite to the Sun, that then the Circle bounding Light ald tc 
Moon *X- and Darkneſs, and the Circle of Viſion do coin- be 
Plained. cide ; and that all the illuminated Face of the Naſitio 
A7con will be turned towards the Earth, and be vi- Hices 
ſible by its Inhabitants: And then the Moon is faid loo ke 
to be full, and ſhe ſhines all Night long; and in t- ens 
ſpect to the Sun ſhe is ſaid to be in Oppoſition : For [ 1me 
the Sun and Moon are ſeen in oppoſite Parts of tle ook * 
Heavens, the one riſing when the other ſets. When nd 18 
the Moon comes to B, the whole illuminated Dis ul a 
M P N is not turned towards the Earth, there A 


being a Part of it MP not to be ſeen by us; " 
then 


arth h 


rds the 


to our 
rive x 
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pen the Viſible Illumination will be deficient from a Lecture 
uncle, and the Moon will have a gibbous or humped IX. 
orm, ſuch as is marked in B. The Moon ar- 
ring at C, where the Angle C T8 is nearly right, The 613. 
here only one half of the illuminated Disk is turn- Bous H- 
d towards the Earth, and to be ſeen from thence; gure. 
ad then we obſerve a Half Adeon as in C, and 
he is ſaid then to be Biſected or Dichotomized ; Half 
bat is cut in Halfs. In this Situation the dun and Moon, cr 
Mem are a fourth Part of a Circle removed from % Moon 
ach other; and the Moon is ſaid to be in a Jus Dichotomi- 
rate Aſpect, or to be in her Quadrature. The — 
Mem going forward to D, the illuminated Face 1. Qua- 
IPN has but a ſmall Portion of itſelf turned to- Vature. 
rards the Earth, and the Side of the Mom turned 
owards the Earth is for the greateſt part in Dark- 
eſs: And therefore of the ſpherical Figure of the 
Men which appears to us to be plain, that ſmall 
Part which ſhines upon us, will ſeem to be bended 
nto narrow Points or Angles, and will look like 
yhat we call Horns; for there the Circle bound- 
ns Light and Darkneſs with the Circle of Viſion, 
loth form two ſmall Angles at their Interſections, 
nd the Phaſis ſeen from the Earth will appear as 

D. The Afoon at laſt coming to E, will ſhew 
o Part of its illuminated Face to the Earth, but 
ill the dark Side of the Moon will be turned to- 
ards it; and then the Mon diſappears, and ſhe is New 
aid to be in Conjunction with the Sun, the Sun and Moon or 
he being in the ſame Point of the Ecliptick. This 15 Con- 
ofition we call New Moon, When the Moon ad- junction. 
ances further to F, ſhe again aſſumes a horned or 
rooked Figure; and as before the New Moon the 

orns were turned He/tward, fo now, after the 
Iime of New Moon, they change their Poſitions and 
vok Ea/tward., When the Moon has proceeded to G, 
nd is again in a Quadrate Aſpeft with the Sun, ſhe 
ill appear biſected, and like a Half-Moon. In 

ſhe will be bigger, but will ſtill be deficient 
om a whole Circle, and be ſeen gibbous: But 

in 
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Lecture in A ſhe will again appear circular, and in her fi 
IX. Splendor, 
ny THE Arch E L, or the Angle STL, contains 
The Elon- under Lines drawn from the Centers of the Sun aul 
gation of Moon to the Center of the Earth, is called the Ely. 
the Moon gation of the Moon from the Sun. And the Arg 
From the MO, which is that Portion of the illuminated Circ 
Sun. MON, which is turned towards the Earth, aud 
which is the Meaſure of the Angle that the Circk 


bounding Light and Darkneſs, and the Circle 


Viſion, make with one another, is every-wher 
nearly ſimilar to the Arch of Elongation EL; ©, 
which is the ſame Thing, the Angle 8 TL is neu- 
ly equal to the Angle M L O, which I thus demon- 
ftrate : Produce 8 L at Pleaſure unto X, and th 
Angles T LP and MLS will be equal, they be. 
ing both Right Angles : But the Angles O L 8 and 
P LX are alſo equal, becauſe they are vertical to 
each other ; therefore taking away thoſe equal An- 
gles, the Angle ML O will remain equal to the 
Angle T EX; but the Angle T L X is the exter- 
nal Angle of the Triangle 8 T L, and is therefore 
equal to both the inward and oppoſite Angles 8 TL 
and T S L, by the 32d Propoſition of Book I. d 
Zuclid. But the Angle T'S L is exceeding mal, 
and next to nothing; for, when biggeſt in the 
Quadratures, it does ſcarce exceed ten Minutes of: 
Degree; the Diſtance of the Moon from the Earth, 
in compariſon of that of the Sun, being fo ſmal, 
that the Angle which it ſubtends at the Sun vaniſles 

And therefore the Angle 8 T L by itſelf, is near 
equal to the Angle ML O ; whence the Arch MO 
will be ſimilar or like to the Arch E L. 

Tak Semicircle O M P, ſince its Plane paſce 
through the Eye, will be projected into a Rag 
Line, or appear like a Right Line on the Di 
of the Alan; but the Circle bounding Light and 
Darkneſs in the Moon, ſince it is ſeen obliquely 
from the Earth, will be projected into an Elli 
in which Form it will appear, Hence rigs 
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longation of the Moon from the Sun, it will be an Lecture 
fy Matter to ſhew its Phaſis, or how it happens IX. 
tained WA that Time. Let the Circle COB P repreſent 
vn e Disk of the Moon, which is turned towards the 4 Deline- 
arth; and Jet O P be the Line in which the Se- ation of the 
Arc circle OM P is projected, which ſuppoſe to be PB of 
t by the Diameter B C, at Right Angles; and % Moon, 
aking L P the Radius, take L F equal to the Co-/% any E- 
he of the Elongation of the Afoon from the Sun kT 
ad then upon B C, as the preat Axis, and L F Fi ; 
wie e leſſer Aris, deferibe the Semi-Ellipfe B F C. ag 9 
is Ellipſe will cut off from the Disk of the Mon 
 nea- Me Portion BF CP of the illuminated Face, which 
emon- WW vinble to us from the Earth. 

nd de By making L P the Radius, L F becomes the The Quan- 
oline of the Elongation of the Joon from the tity of I- 
„; PF, in that Caſe, muſt be the verſed Sine /u/tration. 
ical v the ſaid Elongation; and B F C (the Line which 
al An- lides the illuminated and dark Parts of the Disk) 

to tle in be an Ellipſe, whoſe greater Axis is the Dia- 

extel- eter of the Disk B C. and half the leſſer Axis 
erelore I the Semidiameter of the fame Disk, diminiſhed 
STI the verſed Sine of the Elongation. Suppoſe now 
LA tO BP C were the Disk of the Moon turned 

ſmall, Wwards the Earth, and BF C the Semi-Ellipſe 

in tix vwaing Light and Shadow : Draw any Line 
tes 02 HN parallel to the leſſer Axis, and which meets 

Earth, With the greater Axis in M, by the Nature of the 
| ſmall, cle and the Ellipſe, L P will be to L F, as 
aniſe. WM is to MH; and by Diviſion of the Ratio, 

near P is to PF, as G Mis to HG; and doublin 
h MO the Antecedents, P O will be to PF, as G 
to G H. The ſame Thing may be ſhewn of 
other Line, which is parallel to the leſſer Axis; 
| Right Na therefore by the 12th Prop. Book V. of Zuclid, 
e Dil p O is to P F, fo will all the Lines G N be 
all the Lines G H. But all the Lines G N 
bliquel poſe or make up the whole Lunar Disk, it con— 

Ellipe, ing of. an infinite Number of Parallelograms, 
boſe Heights are the Lines G N, and whoſe Baſes 
are 
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Lecture are indefinitely little: So likewiſe all the Ling 
IX. GH make up that Part of the Disk which is il 
Coon my Minated, 

AND therefore, as PO is to P F, that is, as ty 

Diameter of a Circle is to the verſed Sine of th 

Moon's Elongation from the Sun; ſo is the wich 

Disk of the Moon, to that Part of it which is ill. 

minated by the Sun. And hence the Illuſtration Neven 

the Moon, at any Lime, is to its greateſt IIluſtrata 

which is at Full Moon, as the verſed Sine of th 
Elongation is to the Diameter of a Circle. 

7 he Earth As the Moon by reflected Light from the Sun il. ban t 

illuminates minates the Earth, ſo the Earth does more than n. 

the Moon pay her Kindneſs, in enlightening the Surface d 

by a Reflex the Moon, by the Sun's reflex Light, which ſhe di. 

Light. fuſes more abundantly upon the Moon, than th 

Moon does upon us: For the Surface of the Ear 

is above fifteen Times greater than that of the 


Aon; and therefore, if both Bodies have the am un, i: 
Power of reflecting in Proportion to their Bignekfore, 1 
the Earth would ſend back fifteen Times more Lit will 
to the Moon than it receives from it. For the EH For 
appears fifteen Times bigger to the Inhabitants be E- 
the on, than the Moon does to us. In New Ii ion 
the illuſtrated Side of the Earth is fully turned to" hile 


wards the Moon, and will, therefore, at that Time eſcrib 
illuminate the dark Side of the Afoon ; and then Mime, 


Lunarians will have a Full Earth, as we, in a fie Ar 
lar Poſition have a Full Mon. And from ther f the 
ariſes that dim Light which is obſerved in the f the 


and New Moons, "whereby, beſides the bright an 
ſhining Horns, we can perceive the reſt of be 
Body behind them, tho' but dark and obſcure 


Now, when the Aon comes to be in Oppi/tingWith tt 
to the Sun, the Earth ſeen from the Aeon, ugbroug 
appear in Conjunction with him, and its 0aWarth ; 


Side will be turned towards the Moon, in whid 
Pofition the Earth will diſappear ; after the fa 
Manner as the Moon does diſappear to us in t 
Time of New Mom, os in her Conjunction " * 


N 
if 
: 
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Lecture Lines LT and 17, being parallel, the Angles It 
IX. and LSM are equal. But indeed it is required, that 
the Moon ſhould deſcribe a greater Arch than IM, 
before it gets between us and the Sun, becauſe the 
Earth is ſtil moving in the mean time : And there. 
fore the whole Lunation, or Time from new Min 
to new Mon, is not finiſhed but in the Space d 
The diur- twenty-nine Days and a half; and the Moon does 
nal Motion every Day recede from the Sun about twelve Degrees 
of the and ſome odd Minutes, which is called the diurm 

Moon Motion of the Mon from the Sun. 
frem the Tx the Plane of the Jon's Orbit coincided wit 
Sun. the Plane of the Ecliptick, that is, if the Earth ad 
Moon moved both in the ſame Plane, the Way of 
the Mon in the Heavens ſeen from the Earth, would 
be exactly the ſame with the Circle the Sun is ſezn 
to deſcribe - only the Sun would be obſerved to de- 
ſcribe that Circle in the Space of a Year, which the 
Moon does in a Month. Now in reality the Plane 
in which lies the Moeon's Orbit, is not coincident 
with the Plane of the Ecliptick ; but theſe two 
Planes cut one another in a right Line, which paſſes 
through the Center of the Earth; and they are in- 
clined to one another in an Angle of about five De- 

rees. 

Plate V. . LET AB be a Portion of the Earth's Orbit, I 
Fig. 7. the Earth, and let the Circle C E DF repreſent the 
Orbit of the Moon, in which is the Center of tle 
The Moon Earth; with the ſame Center T, in the Plane af 
aces not the Ecliptick, let there be deſcribed another Circle 
3 CG DH, whoſe Semidiameter may be equal to the 
eie, Semidiameter of the Moon's Orbit; theſe two Cit- 
cles being in different Planes, and having the ſame 
Center I', will interſe& each other in a Line DG, 
which paſſes through the Center of the Earth; and 
CE, one half of the Orbit of the Moon, wil 
riſe above the Plane of the Circle C G H, towar6 
the North. The other half of the Orbit DFC 
will be depreſſed below it, towards the South. Ile 
right Line DC, wherein the two Circles cut one 
another, 


nothe 
Points 
And t 
bove 
ending 
hus n 
on 
Node, 
Aron 
ine 
ad ne 
ied re 
ame J 
rays | 
f the 
ation, 
hange 
e 
y al 
e Cor 
ime e 
joint 
nd w 
the ] 
Hex 
obſel 
ery I 
then {| 
viates 
rther 
le hap 
odes : 
odes, 
Whi 
d theſ 
the. 
e U 
aWnt 
k; tl 
22 


LECTURES. 99 


It M dther, is called the Line of the Nodes ; and the Lecture 
that points of the Angle C and D are called the Nodes. IX. 
IM. and the Node C, where the Moon aſcends Northward 

e the Nove the Plane of the Ecliptick, is called the / The Line 
here. ending Node, and the Head of the Dragon, and is of Nodes. 
Min us marked . The other D, from whence the 7he aſcend- 
ce of Min deſcends to the South, is named the deſcending ing Node, 
den be, and the Tail of the Dragon, which by the 97 the Pra- 
egree Hronomers is marked in this Manner G. If the Son 
iurnal ine of the Nodes were immoveable; that 1s, if it Head. 


ad no other Motion, than that whereby it is car- beak, 


ed round the Sun, it would always look to the Node, 
ame Point of the Ecliptick ; that is, it would al- % Dj. 
ay of Pays keep parallel to itſelf, as we ſhewed the Axis gon's Tail, 
would e the Earth ought to do: But we find by Obſer- 

ation, that this Line of the Nodes does conſtantly 
hange its Place, and ſhifts its Situation from Eat 

IWijt, contrary to the Order of the Signs; and 
y 2 retrograde. Motion finiſhes its Circulation in 

e Compaſs of almoſt nineteen Years : After which The retro. 
ime either of the Nodes, having receded from any grade Mo- 
oint of the Ecliptick, returns to the ſame again, Cen of the 
nd when the Moon is in the Node, ſhe is alſo ſeen Nodes. 
the Ecliptick. = | 
HENCE it is evident, that the Moon can never 

obſerved preciſely in the Ecliptick, but twice in 
ery Period, that is, when ſhe enters the Nodes ; 
hen ſhe is in any other, Place of her Orbit, ſhe 
viates from it, and is ſometimes nearer, ſometimes 


e two 


Circle Wirther removed from the Ecliptick, according as 

to the Ie happens to be nearer, or further off from the 
o Cir- hides But ſhe is at her greateſt Diſtance from the 
ie ſame Nodes, when ſhe is in the Points of her Orbit E or 
e DO which are the middle Points between the Nodes; | 
þ ; and nd theſe Points are called the Limits. The Diſtance The Li- 
1, wil the Moon from the Ecliptick is called her Lati- mits. 
toward er, which is meaſured by an Arch of a Circle Th-Moon's 
DFC un through the Mon, perpendicular to the Eclip- Latitude. 


k; the Arch of this Circle, mtercepted between 


cut cee Mien and the Ecliptick, meaſures the Afcor's 
1nothe!, h 
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Lecture Latitude, or her Diſtance from the Ecliptick 

X. And therefore ſuch Circles, perpendicular to il 
Ecliptick, are called Circles of Latitude; the Ia. 

tude of the Mmm, when it is at the biggeſt, a 

E or F, does never exceed five Degrees, and abo 

eighteen Minutes, which Latitude is the Meaſure 

the Angles at the Nodes, 


LECTURE KX. 


Of the Inequalities in the Lunar Mctin 
The Face of the Moon, her Mountii 
and Valles, ; 


The Orbit Þ I PSERVATIONS have diſcovrl 
of the l to us that the Diſtance of the Mn 
Moon an from the Earth does conſtantly chang; 
Elliffe. | ſometimes the Miion comes nearer 


us, ſometimes goes further from u 
the Reaſon of which is, becauſe t 
MAom does not move in a circular Orbit, which i 

the Earth for its Center: But the real Orbit of tt 

Am is of an Elliptick Form, ſuch as is repreſents 

Plate VI. in the Figure ABPD, one of whoſe Fecus's ö f 
Fig. i. ways the Center of the Earth; AP is the great 
Aris of the Ellipſe, and the Line of the Ap/i 

The TC is the Excentricity z the Point A, which 1s 
Moon's higheſt Ap/is, is called the Apogeon of the Mun; ti 
Apogeon, loweſt Apes, which is the Point P, is called the | 
eri- vigeon, in which the Moon comes neareſt the Earth 


Seon. And if the Orbit of the Men had no other wy 
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fdes that wherewith it is carried round the Sun, Lecture 
would always retain a Poſition parallel to itſelf, X. 

d would always point the fame Way, and be ob- -N 
ed in the ſame Point of the Ecliptick ; and when- 

er the Moon came to that Point, it would con- 

ntly be at the fame Diſtance from us : But this 

ne of the Ap/ides is likewiſe obſerved to be move- 

e, and to have an angular Motion round the Earth 

am the Mast towards the Eaff, according to the Or- 

x of Signs; fo that it does not return to the ſame 

uation, till after the Space of almoſt nine Years, 

Tak Motions of the Meon, and that of ber Or- e 

, do not obſerve the ſame Inequalities, For, 1 1 of 
, When the Earth is in her Aphelion, at the 2 of the 
ateft Diſtance from the Sun, the Moon being fo Moon. 
ewiſe, the Moon does ſomewhat quicken her Pace, 

| performs her Circulation in leſs Time. On 

2 contrary, when the Earth approaches nigheſt to 

> Sun in the Perihelion, the Moon is likewiſe nearer, 

| then ſhe flackens her Motion: Upon which Ac- 

nt it is, that the Moon revolves about the Earth 

ſhorter Time, when the Earth is in her Aphe- 

„than when ſhe is in her Perihelion; fo that 

> periodical Months are not all equal. 

Secondly, When the Aon is in the Syzygia, that Syzygia. 
in the Line which joins the Centers of the Earth 

| Sun, (which may be either in her Oppoſition or 
njunction) all other Things being alike, ſhe has a 

iter Motion round the Earth: But in the Qua- 

tures ſhe goes ſlower. 

birdly, According to the different Diftance of 

Meon from the Syzygia, that is, from Oppoſition 
ConjunRion, ſhe changes her Motion ; and in the 

Quarter of her Motion, that is, from Con- 

con to her firſt Quadrature, ſhe loſes ſomething 

her Swiftneſs : In her ſecond Quarter, from the 

adrature to her Oppoſition, ſhe increaſes in Ve- 

ity: In her third Quarter, from Oppoſition to 

aft Quadrature, ſhe again loſes of her Motion; 

from that Quadrature to the Conjunction, ſhe 


2 again 
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Lecture again recovers her Swiftneſs. This Inequality f 
X. the Maon's Motions was firſt diſcovered by the nc 
Tycho, who called it the Moon's Variation. 
The Va- Fourthly, The Moon moves in an Ellipſe, who 
riation. Focus is in the Center of the Earth, round aboy 
which ſhe deſcribes Area's proportional to the Tine 
as the primary Planets do round the Sn; wheng 
the Motion of the Moon muſt be quickeſt in th 
Perigeon, and ſloweſt in the Apogeon. 
The Orbit Fifthly, The very Orbit of the An is chang. 
of the able, and does not always keep the fame Figur 
Moon, but its Excentricity does now and then grow great 
andits Ex- and now and then it diminiſhes : And it is greet 
« entrictly, when the Line of the Ap/ides is coincident with! 
_ $yzygta, or is in the Line which joins the Centers 
the Sun and Earth : And the Excentricity is th 
leaſt, when the Line of the Apfides cuts the others 
right Angles. The Difference between the great 
and leaſt Excentricity is ſo conſiderable, that it a 

ceeds the half of the leaſt Excentricity, 
The Apo- Sixthly, The very Apogeon of the Moon has a 
geon has unequal Motion, and ſometimes moves forward,-al 
an unequal ſometimes backward ; when it is coincident wit 
Motion. the Syzygial Line, its Motion is forward; but wht 
it cuts that Line at right Angles, its Motion! 
backward, and its Progreſs and Regreſs are n 
ways equal, But when the Moon is in her Quadt 
tures with the Sun, the Apogeon goes but ſlowly fo 
ward, or even may ſtand till, or go backwat 
But when the Acon comes to be oppoſite or cn 
joined to the Sun, the Apageon has a quick Moti 

forward. | 

Seventhly, The Motion of the Nedes is not at! 
uniform; for when the Line of the Nodes coincidt 
with the Line of the Syzygia, then they ſtand ff 
without any Motion; but when they cut that Li 
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at right Angles, they go backward, or from EA Tides 
Weſt, with a conſiderably quick Motion, The map e 91 
ſagacious Sir IsAac NEWTON was the firſt, al th. 


the only Man, who has diſcovered the true Cut 
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all theſe Inequalities; and has demonſtrated, that Lecture 
y all ariſe, according to the Laws of Mechaniſm, X. 
pm the Theory of Gravitation of Matter to Matter, WV 


lity i 


2 noblli 


whoo very ſurpriſing, that the Aon, which of all 
wn * heavenly Bodies is neareſk to us, ſhould be of 
Tims h difficult Acceſs ; and that it ſhould be ſo hard 


find out her Ways, and the Cauſes of all her Ir- 

pularities, | | 

Tae only equal Motion of the Men is that The Moon 
erewith ſhe turns round her Axis in the ſame moves uni- 
ime that ſhe moves round us in her Orbit ; from formly a- 
ence it comes to paſs, that ſhe always keeps the ot her 


Wheng 
In th 


change 
Figur 


greater | 
rreate e Face towards us, But this very Equability in Axis, 
vith tation is the Cauſe of an apparent Inequality ; 


at the Moon appears to librate about its Axis ſome- 
es from the Eaſt to the Ve, and now and then 
dm the Neſt to the Eat; and that ſome Parts in 
» Weftern Limb or Margin of the Aon recede 
dm the Center of the Disk, and ſometimes they 
dye towards it. Some of theſe Parts, which were 


nters 
y 1s tis 
Other # 
Create 
It it e 


has ore viſible, ſet and hide themſelves in the inviſible 
d- of the Moon, and afterwards become again con- 
nt wi cuous. Such a Motion in the Moon is called her 
ut we ration, and it ariſes from the unequal Motion of 74; 
otion e Men in the Perimeter of her Orbit: For if the Moon's 
are n moved in a Circle, whoſe Center coincided Libration. 
Quadn th the Center of the Earth, and turned round its 
wy fa rin in the preciſe Time of its Period round the 
Kwan , in that Caſe the Plane of the ſame Lunar 
or c eridian would always paſs through the Earth; and 
- Moti lame Face of the Moon would be conſtantly and 
actly turned towards us. But ſince the real Mo- 
1ot at Mn of the Moon is in an Ellipſe, in whoſe Focus is 
coinci e £4rth, and the Motion of the em about her 
tand HP's is equable ; or, which is the ſame thing, 
hat Ley Meridian of the Moon by this Rotation de- 
1 Eaſt Tibes Angles proportional to the Times, the Plane 
Che ma no one Meridian will conſtantly paſs through the 
rt, . 
e Cal 
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which before, when the Moon was in A, were not 
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For let ALP be the Orbit of the Mn, 
whoſe Focus is the Earth in T; and when the My 
is in A, its Meridian MN produced, will paſs thy 


geen 
ts Rc 
alles. 


the Earth: And if the Moon only revolved in lil! b 
Orbit, without any Motion round an Axis, the be D 
Meridian MN would always keep a Poſition pair the 
to itſelf ; ſo that when the Mmm comes to L, ian, 
Meridian MN would be in the Poſition PQ, wi Perige 
is parallel to MN; but on the Account cf lx 

equable Rotation, the Meridian MN changes its bed 
tuation, and deſcribes Angles proportional to ekt 


Times; fo that in the periodical Time of er 
Acon's Revolution round the Earth, it deſcribes ſu 
right Angles ; and therefore in L it wil“ 2 
Poſition mLn ; ſuch that the Angle un 
have the ſame Proportion to a right Angle, as t 
Iime the Aon takes to deſcribe the Arch AL 
to a fourth Part of the periodical Time. Butt 
Time the Moon takes to deſcribe the Arch AL 
to the fourth Part of the periodical Time, 2 
Arca A TL is to the Area ACL; that is, t 
Part of the Area of the Ellipſe : Therefore the An 
Qn will be to a right Angle in the ſame P 
portion. But the Area ATL is greater than t 
ea ACL, or than the fourth Part of the Au. 
the Ellipſe : The Angle therefore QL n wil! 
bigger than a Right, or bigger than Q LC; 
QI. C is bigger than QLT ; wherefore QL. 
will be much bigger than Q LT. The Meri: 
therefore M N, whoſe Plane paſfed through t 
Earth, when the Moon was in A, now the Mm 
arrived at L, does not look towards the Fart 
And therefore the Hemiſphere of the Moon hid 
towards the Earth, the Moon being at L, is not 
fame with that which was towards the Earib wit 
the Mon was in A; and thoſe Parts of the Mi 
Surface beyond Q will come under Obfervati 
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hich 


be ſeen, being in the Side of the Moon quite oppoli 
to us, But as ſoon as the Moon arrives at ber] 
7; rige 
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igen P, then the Meridian MN has deſcribed in Lecture 
ts Rotation 2 Semicircle; and then again its Plane X. 
aſſes through the Earth, and the former Point N 

ill be directly towards us, and be in the Center of 

he Disk. Hence it is evident, that this Libration 

pf the Moon is reſtored twice in each Period of the 

am, that is, when ſhe comes to her Apogeon and 

Perigeon. 

Ir the Surface of the Moon were ſmooth and po- The Sur- 
iſhed like a Looking-glaſs, it would not then reflect Jace of the 
cht upon all Sides, and every way; but it would Moon rag. 
bew us only in fome Poſitions the Image of the 8*4 nd 
Jun, no bigger than a Point, but with an immenſe in 
uſtre, But as in all our Zarthly Bodies, ſo in the 
nen, its Surface is very rough and uneven ; upon 

which Account it diffuſes the Light by reflecting it 

o all Sides, without producing any Image of the Sun, 

poliſhed Glafles do, 

BuT the Surface of the Moon is not only rough 4 Dems. 
nd uneven, but there are upon it moſt prodigious ration 

t is, ieh Mountains, and deep Vallies, which cover the that there 
ole Face of the Mon This we thus prove, If are Moun- 


ſoon, | 
Cc M 5 
ils tin 

in K 


he {an 


ume P bere were no Parts in the con higher than the 4s in the 
than et, no prominent Points, then a Right Line in Moon. 

e Aube Dichotomy or Quadrature, and an Elliptick Line 

| wil n all the other Phaſes, would terminate the light 


nd dark Parts of the Disk: But when the Moon is 
iewed with a Teleſcope, we find that there is no 
egular Line, which ſeparates Light and Darkneſs in 


ugh e Maoon's Surface; but the Confines of theſe Parts 
> Mon Mypear, as it were, toothed, and cut with innu- 
auß erable Notches and Breaks; and even in the dark 
whicl WF art, near the Borders of the lucid Surface, there 
is not re ſeen ſome ſmall Places enlightened by the Sun's 
1th wgcams : And upon the fourth Day after New Moon, 


ere may be perceived ſome ſhining Points, like 


ſervatuWocks or ſmall Iſlands, within the dark Body of the 
ere not en; but not far from the Confines of Light and 
e oppoliParkneſs, there are obſerved other little Spaces, 
it her FP hich join to the enlightened Surface, but run out 


rigt into 


— af — — — 
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Lecture into the dark Side; which by Degrees change thei 
Figure, till at laſt they come wholly within the iſ 
luſtrated Face, and have no dark Parts round then 
Afterwards we obſerve many more ſhining Spaces «| 
ariſe by Degrees, and to appear within the dark $M 
of the Moon, which, before they drew near to th 
Confines of Light and Da rkneſs, were inviſible, 
being without any Light, but wholly immerſed i $ 
the Shadow, The contrary is obſerved in the &.8* 
creaſing Phaſes, where the lucid Spaces which join 
the illuminated Surface, by Degrees recede from it 
and after they are ſeparated quite from the Confin 
of Light and Darkneſs, remain for ſome time . 
ſible, till at laſt they alſo diſagpear : Now it is in- 
poſſible that this ſhould be, unleſs theſe ſhinin 
Points were higher than the reſt of the Surface, þ 
that the Light of the Sun may reach them, 
I the THest ſhining Points ſituated in the Moon's Sur 
Moon face, without the Confines of the illuminated Su. 
large Ca- face, are the Tops of very high Mountains, whid 
yo ies and riſing far above the other Parts of the Surface, ar 
229 ſooner reached by the Sun's Beams, and remain long: 
in the Light, than the reſt of the Parts do whit 
are lower, Beſides theſe, we likewiſe obſerve, = 
in the illuminated Face of the Mon, many dat 
and obſcure Spots, which ſeem to be only Caverns 
or large Cavities; on which the Sur ſhining ven 
obliquely, and touching only their upper Edge wit 
his Light, the deeper Places remain without Light 
But as the Sun riſes higher upon them, they receir 
more Light, and the Shadow or dark Parts grov 
ſmaller and ſhorter, till the Sn comes at lat 
ſhine directly upon them, and then the whole C:if 
vity will be illuſtrated, and the Parts which we! 
obſcure before will then look as bright as the Top 
of the Mountains. From theſe conſtant Obferve 
tions, it is plain to a Demonſtration, that the An 
Face is covered with Mountains in ſome Places, a 
that in others it is cut with deep-Pits and Caveris 
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uE Lunar Mountains are much higher in Pro- Lecture 
tion to the Body of the Moon, than any Moun- X. 
upon our Globe; for the Geometers can take 

Height of them, as eaſily as they can find the The Lunar 
aſure of a Mountain upon our Earth, The Mountains 
ay of finding the Height of a Lunar Mountain #igher 
his: Let E G D be the Hemiſphere of the Moon than the 
iminated by the Sun, and E CD the Diameter * 
the Circle, bounding Light and Shadow, A the 4 

p of a Hill, within the dark Part, when it firſt plate VI. 
ins to be illuminated. Obſerve with a Teleſcope pig. 3. 
Proportion of the Right Line A E, or the Di- 

ce of the Point A, from the lucid Surface, to 
Diameter of the Morn E D; and becauſe in this A Methed 
ſe the Ray of Light E 8 touches the Globe of the 9, Wee 
m, A E C will be a right Angle, by the roth“ ? . 
p. Book Third, of Euclid: And therefore having 

the Triangle AE C, the two Sides AE and 

C, we can find out the third Side A C, from 

ich ſubducting B C, or EC, there will remain 

B, the Height of the Mountain. Kicciolus affirms, 

t upon the fourth Day after New Moon, he has 

erved the Top of the Hill called St. Katherme 

be illuminated, and that it was diſtant from the 

nfines of the lucid Surface, about a ſixteenth 

rt of the Moon's Diameter, or an eighth Part of 
Semidiameter. And therefore if C E be 8, AE 

| be 1; and the Square of A C will be equal to 

Squares of C E and EA, by Prop. 47, Book Firſt, 

Euclid, Now the Square of C E being 64, and the 

are of A E being 1, the Square of A C will be 

, Whoſe ſquare Root is 8,062 which expreſſes the 

ngth of A C: From whence deducting B C 8, 

re will remain A B==0,062. So that C B or 

E is therefore to A B, as 8 is to 0,062 ; that is, as 

00 to 62: And therefore, ſince the Semidiameter 

the Meon is 1182 Miles, if we make the Pro- 

rtion as 8000 to 62, ſo 1182 is to 9; we ſhall 

eg Miles for the Height of that Mountain, 


which 
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Lecture which is therefore three times higher than the I. 
X. of our higheſt Hills on Earth. | 
| | WHOEVER ſhall contemplate the Face of g 
Great Va- Mom with a Teleſcope, will diſcern it diftinguſ 
ricties to be with an admirable Variety of Spots; ſome h 
obſerved in have a moſt bright Luſtre, and ſome Philiſyn 
the Face of have imagined them to be Rocks of Diamoni; 
be Moon. others have compared them to Pearls, or ſome It 
cious Stones: But they ſeem to be the ſolid Pu 
of high Mountains, which are endued with a 
lity whereby they ſtrongly reflect the Light. Tix 
are again other Places and Parts of the Aforn's In, 
and they are not a few nor ſmall, which look at 
| and of a duskiſh Colour, which the Philoſopher: lu 
There are fanſied to be Seas, Lakes, and Fens: But yan 
w» Sens, find, that they cannot be Seas, nor any thing d 
liquid Subſtance ; for when they are looked at vid 
a good Teleſcope, we find they conſiſt of an Ink: 
of Caverns and empty Pits, whoſe Shadows fall wit 
in them; which can never be in a Sea or lau 
Body. Theſe black Spots therefore cannot poſſdh 
be Seas: But they conſiſt of ſome darker and {i 
coloured Matter, which does not reflect the Lig 
ſo ſtrongly, as the ſolid and ſhining Mountains d 
But even within theſe dark Spots, we obſerve ſon 
Bodies of a brighter Light, wherewith they outfh 

the reſt. 
No Chuds, THERE ſeem to be no Clouds nor Vapours i 
the Moon, from whence Rain may be generatei 
For ſuch Clouds would ſometimes cover the ©: 
of the Moon, and hide ſome of its Regions from ol 
Sight, which we never obſerve them to do: But! 
the on there is a conſtant Serenity, without al 
dark Weather; and when there are no Cloud 
our Air, the Moon conſtantly appears with the {ant 
No Ame. Luſtre, It is probable Tikewiſe, that the {rn 1 
fþhere, no Atmoſphere to ſurround it: For the Planets ? 
Stars, which ſometimes are ſeen very near its Lin 
have not their Light refracted, as it is when i 
paſſes thro? our Atmoſphere. 7 ö 
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us Aſtronomers have drawn the Face of the Lecture 
„ according as it is ſeen with the beſt Tele- XI. 
s; for which we are obliged to the accurate 

zurs of thefe famous Selenographers Florentius, The Sele- 
prenus, John Hevelius of Dantzig, Grimaldus and nogra 
idlus, Italians; who have taken particular Care phers or 
ote all the ſhining Parts of the Moon's Face Aſtrono- 
for the better diſtinguiſhing them, they have mers ach 
n to each Part a proper Name. Langrenus and ws _ 
jaune have divided the Lunar Regions among the uc. the 
ch bers and Aftronomers, and other eminent Surfa Ks 
But Hevelius, fearing left the Phileſophers 7 
d quarrel about the Diviſion of the Lands, has 

ed them of this their Property, and gives the 

of the Aeon thoſe Geographical Names, that 
Ing to the different Iſlands, Countries and Seas 

bur Earth, without any Regard to Situation or 
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LaCTURE AL 


the Obſcurations or Eclipſes of the Sun 
and Moon. 


HERE is nothing in A/ftronomy,which 
2 8 ſnews the great Sagacity of human 
VUnderſtanding, and its deep Penctra- 
„ tion more, than a clear Explication 
08 bg of the ſudden Diſappearings of the 
— Sun and Aon, that is, of their E- 
e; and the accurate Predictions when they are 
ome to paſs, which the A/tronomers can now fore- 
almoſt to a Minute. Tho? this be the niceſt 
moſt ſubtle Speculation of our Science, yet it 
ain and undoubtable, than which nothing can 
be 
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Lecture be more ſublime, or worthy of our Conteny 
XI. tion. | 
2 TRE Word Ecl * is derived from the 05 
An Eclipſe) ixveimw, which ſignifies to faint, or to ſwoon ay 
what. Soſick and dying Perſons, when a ſwooniny } 
| Death. like Faintneſs comes over them, ws 
Pe the Greeks to fall into an Eclipſe : After 
ſame iy, the Moon, when ſhe ſhines with 2 
Face, if ſhe falls into the Shadow of the FE 
does loſe the enlivening Beams of the Sun's Li 
and grows pale, as if ſhe were about to die, " 
the Sun again, when the Moon interpoſes her By 
and deprives us of his Heat and Light; tho! in hi 
ſelf he retains his Luſtre, yet to us he ſeems to: 
niſh and grow dark. At ſuch Times the Sn: 
Aon are ſaid to ſuffer, and fall into an Ech 
The Eclipſes muſt be here explained: And, that 
may begin from the firſt Principles ; 
AShadow, TIT is to be obſerved, that all opake and dark 
what, dies, when they are expoſed to the direct Lig 
the Sun, caſt a Shadow behind them, that is op 
ſite to the Line the Sun is in. This Shadow is 1 
thing but the Loſs or Privation of Light, int 
Space oppoſite to the Sun, by reaſon the Su R: 
are intercepted by the opake Body. Now fine: 
Earth is an opake Body, it muſt likewiſe caſt 2 
dow towards the Space oppoſite to the Sun; in vl 
Space if the Aon ſhould come, it muſt neceſlar 
be darkened, and loſe the Light which it had be 
Plate VI. from the Sun. And becauſe the Figure of the Eo 
Fig. 4, 5, is Spherical, the Figure of the Shadow would be ( 
6. lindrical, if the Earth and Sun were of equal Biere 
or if the Earth were bigger than the Sun, the $ 
dow would have the Figure of a Cone, which had 
a Piece at his Top or Vertex; and the fare 
were extended, would grow. thicker and thick. 
The Figure AND in both theſe Caſes, the Shadow vs 
of the Sha. run out into infinite Space, without ever tai! 
dow. an End: And then it would involve ſomeul 
the other Planets, Mars, Jupiter and Saturn, i 
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LBUFTURES. 111 
when they come to be oppoſite to the Sun, and Lecture 
Wwithin that Space: But this is never obſerved, XI 
En theſe Planets would be eclipſed : And there- 
e Sun muſt neceſſarily be greater than the 7h, Sun 
whoſe Shadow muſt conſequently be of a bigger 
| Figure, and end in a Point. than the 
the Moon, ſince its Diameter is contained Earth. 
three times in the Diameter of the. Shadow, 
je Diameter of the Shadow is leſs than that 
Earth, muſt needs be much Jeſs than our 


S repreſent the Sun, T the Earth, and the Plate VI. 
ABC the Shadow, It is evident, there can Fig. 7. 
ine drawn from the Sun, to any Point of 
ace ABC, which does not fall upon the 
And therefore, ſince the Earth is an opake 
it will not ſuffer any Rays to paſs through, 
Wlluſtrate the Space ABC. Now if the Maon, 
ſhe is oppoſite to the Sun, ſhould come into 
pace, ſhe muſt then he involved in Darkneſs ; 
uld then ſuffer an Eclipſe in the very Time 
Moen. 
E Moon likewiſe, upon the ſame Account, Men there 
ave 2 Shadow of a conical Figure oppo- can Happen 
the Sun; and if this Shadow ſhould fall «rn Eclipſe 
he Earth, which can never happen, but when J e 
len is in Conjunction with the Sun, the In- Moon. 
ts of the Earth, on whom the Shadow falls, 
involved in Darkneſs; and the Sun will 
o them to be in an Eclipſe, ſo long as the 
covers them; but becauſe the Men is 
leſs than the Earth, its Shadow can never 
the whole Earth, but only a ſmall Part of it, 
$ BC: And within that Space only, where plate VII. 
dow comes, there will be total Darkneſs ; Fig. 1. 
e reſt of the circumjacent Places will be il- 
d with ſome of the Sun's Beams, and their 
ants will only ſee a Part of the Sun's Disk 
d; which will be greater or leſs, according 


are nearer or further removed from the 
Shadow: 
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Lecture Shadow: Particularly, they who live about p, 


XI. fee half the Sun eclipſed ; but whoſoever live; e P 
WORRY tween M and N, will ſee at the ſame time all ion 
In ſome Sun's Body, and perceive no Eclipſe. e SI 
Places of HENCE it is manifeſt that there can be no ben 
the Earth of the Moon but in Full Moons, when ſhe is oppi n, 
an Eclipſe to the Sun; as the Shadow always is. Nor can i It 
may be to- be any Eclipſe of the Sun but in the New Ml! ar 
a. when ſhe is in Conjunction with the Sun, for iffipics, 
1 Fo 5 only ſhe can caſt her Shadow on the Earth. Me Sh 
in others therefore in every Month there is one Full MWtion 
none at all. and one New Moon ; it may be aſked how it ng as 
When an that the Sun and Aeon do not ſuffer Eclipfes e equ 
Eclipſe of Month. And indeed if the Moon did always tt is. 
the Sun in the Plane of the Ecliptick, ſince the Axis of Wneral 
happens, Shadow is always in the ſame Plane, the Bec 

would then every Full Moon paſs through the Me Sh: 
of the Shadow, and there would be a total Eclipse ere n 
the Moon. So likewiſe in every New Mom, if ere! 
were not then too far off us, ſhe ſhould caſt Wy cv 
Fn Shadow on the Earth, and produce an Eclipſe of ent) 
* 5 Sun, in ſome or other of the Regions of the PViſta. 
Ecliyes of But the Caſe is otherwiſe ; for we have ſhe art 
tbe Sun that the Plane of the Maon's Orbit does not en w. 


and Moon Cide with the Plane of the Ecliptick, but that it is n 

every it in a Line which paſſes through the Center o 

Month. Harth And therefore the Mon is never in W"ce 0 
Plane of the Ecliptick, but when it is in! 


Line, which is the Interſection of the two PH Fu! 
that is, when it enters the Nodes. And therein Sha 
when it happens, that the Mon at Full l ha 
likewiſe be in one of the Nedes ; then the Ai Ecli 
the Shadow will paſs through the Center of Ned by 


Aeon, and then ſhe will be in a total and d 
Plate VII. tral Eclipſe. Let the Circle M N repreſent 
Fig. 2. tranſverſe Section of the Shadow, at the Dit 
Total and of the Moon; and the Line C D a Portion 
_— the Orbit of the Mn, which the Mon deler 
1 in the Time of Full Moon; which, becauſe it 
n. a ſmall Portion, may be well enough repreſe! 
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lives | 
me all 


ge Plane of the Ecliptick, and let F be the Po- 


e Shadow; E the Poſition of the ſame Center, 


no Eben ſhe firſt leaves it; G the ſame Center of the 
s open, when the Axis of the Shadow paſſes through 
can It is evident, that ſuch an Eclipſe will be Cen- 
v M and Total; and there will. always be ſuch E- 


pſes, when the Center of the Moon, and Axis of 
e Shadow, meet in the Nodes, Hence the Du- 
tion or Time that an Eclipſe can laſt, may be as 
gas the Moon is paſſing through an Arch, that 
equal to EF, or four Diameters of the Moon; 
t is, about two Degrees, which Space the Moon 
nerally moves through in the Space of four Hours, 
BECAUSE of the largeneſs of the Diameter of 
> Shadow in Compariſon of that of the Moon, 
re may be total Eclipſes, which are not central, 
here the Node does not coincide with the Axis; and 


for t 
th. & 
1 
vit Con 
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d caſt | 
ipſe of 
the Ei 
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Diſtance from the Shadow, that there may be only 
Part of the Moon's Body that can enter it; and 


is manifeſt by the Figures ; and theſe partial 


nter of {W'ipſes will be greater or leſs, according as the Di- 
rer in Wine of the Node from the Shadow, is leſs or greater. 
is in Wt when it happens that the Node, in the Time 
wo PAH Full Mom, is further removed from the Axis of 


Shadow than twelve Degrees, the Moon then 
have ſo much Latitude, or its Diſtance from 


| thereil 
Full 0 
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2 right Line: Let the right Line BG A be in Lecture 


XI. 
jon of the Moon's Center, when ſhe firſt touches ' WW 


ay even lie without the Shadow, as the Figure ſuf- Plate VII. 
ently news. The Nede may likewiſe be at ſuch Fig. 3. 


en we ſhall have a partial Eclipſe of the Moon, Partial 
Eclipſes. 


Fig. 4, 5. 


the Arie Ecliptick will be fo great, that it cannot be ob- 

ater of Wed by the Shadow. 

11 and As the Shadow of the Earth caſt upon the Moon Eclip/es of 
reſent dduces an Eclipſe of the con, ſo, if the Sha- the Earth. 


ze Dita” of the Moon ſhould fall upon the Earth, it will 
Portion {W's an Eclipſe of the Earth, at leaſt on that Part 
an deſc the Earth on which the Shadow falls. For the 


an being much leſs than the Earth, cannot with 
Shadow involve the whole Disk of the Earth, 
1 " but 


uſe it 1s 


repreſe 
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ſmall Part of it; and ſo al}; 
Eclipſes of the Earth will be Partial, and not I. 


tal; and ſuch Eclipſes only will produce a Dark 


Lines 


ara wn 
from the 
Center of 
the Sun to 
any Point 
of the 
Earth, 
may be 
reckoned 


as parallel. 


upon thoſe Places where the Shadow falls; and 4 
Inhabitants within this Shadow will only ſee the {, 
totally darkened, and therefore they will call t. 
Eclipſes of the Sun But this is improperly attriby 
to the dun, who all the Time retains his Light wi 
out the leaſt Diminution ; and it is only thoſe lk 
bitants of the Earth that are under the Shad 
that are truly eclipſed, and involved in Darknek, 
THAT we may. deſcend more particularly ton 
plain the Phænomena or Appearances of Eclipks 
it will be requiſite to ſhew the Method of meaſur 
the Dimenſions of the conical Shadows of both En 
and Mom: For which Purpoſe we will fir 
down the following Paſtulatum : If from the Cem 
of the Sun there be drawn right Lines to every Pat 
of the Earth, or to as many as you pleaſe, t 
Lines may all of them be eſteemed as parallel. 
parallel Lines are ſuch as do not meet, till they: 
rena to an infinite Diſtance; and thereforel 
ines as do not meet but at a Diſtance immenk 
great, in Compariſon of the Diſtance of the Lin 
from one another, are nearly, or, as we may f 
phyſically parallel; that is to fay, they will haret 
ſame Effect in Nats, and the phyſical Obſervtin 
that are to be made from them, will be the fan 
as if the Lines were abſolutely parallel, Now i 
Diſtance of the Earth from the Sun is ſo great, t 
the Diameter of the Earth, compared with i, 
but as a Point, as is now acknowledged by all! 
thematicians ; for this Diameter, ſeen from the & 
does appear under an unperceptible Angle, or un 
is ſo ſmall, that the Eye cannot obſerve it, and 
Earth appears only like a Point : And therefor! 


Compariſon of the great Diſtance of the Sun, it" 
niſhes; and conſequently Lines drawn from U 
Center of the Sun to different Parts of the Eo 
Moreover i 


kno 


will be at leaſt phyſically parallel, 
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The Di- 
menſion of 
the Angle 
of the Co- 
nical Sha- 
dow. 
Plate VII. 
Fig. 8. 


Theſe An- 
gles in all 
Conical 
Shadows 


are equal. 
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ter contained under theſe Lines, will be equal n jj 
Angle that the Tangents make with one another, I. 
in the four-ſided Figure G A BD, all the Ang 
make four Rights: But the Angles A and B nk 
two Rights, by the 18th Prop. Book Third, of |, 
clid : Wherefore the Angles AGB and D, , 
equal to two Rights. But by the 13th Prop. Bat 
Firſt, of Euclid, the Angles AGB and EGBy 
equal to two right Angles; and therefore the Ang 
D and EGB are equal, ſince the Angle AG} 
makes two right Angles with either of them, 

LE the Circle AB K repreſent the Globe of th 
Earth, A M the Line which joins the Center 
the Sun and Earth; to which let the Diamey 
CB be perpendicular: If from B there be draw 
to the Center of the Sun the Line E F, this Lig 
will be parallel to the Line CM, as has ben 
ſhewn : Make the Angle BCD equal to the 2 
rent Semidiameter of the Sun; that is, equal to th 
Angle under which the Semidiameter of the Sun! 
ſeen from the Earth, and then through D draw ti 
Tangent DG. By the Lemma above demonſtnate 
the Angle G EF will be equal to the Angle BCI 
or to the apparent Semidiameter of the Sun; u 
therefore, ſince the Line BF produced goes to ti 
Center of the Sun, the Line GE D muſt touch! 
Circumference, and it will alſo touch the Et 
and being produced, will meet with the Axis of ti 
Shadow CH in H, ſo that the Angle DH C.] 
be half the Angle of the conical Shadow, Now be 
cauſe EF is parallel to MH, the Angles DH Can 
GEF are equal, by the 29th Prop. Book Firt, 
Fuclid, But GEF is equal, as has been ſhewed, 
the apparent Semidiameter of the Sun; wherei 
the whole conical Angle K HD is equal to the 
parent Diameter of the Sun. 

Tk fame Thing is to be demonſtrated of 
Moon, and univerſally, the Sun's apparent Diamet 
remaining the ſame in all Spheres, which are 
bigger than the Earth; the Angles of the conic 
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gures which include the Shadows are all equal, and Lecture 
their Shadows will be ſimilar Figures. This may XI. 
ewiſe be demonſtrated in this Manner: — 
LET AGF be the San, D H E the Earth, S C Plate VII. 
Line joining the Centers of the Sun and Earth, Fig. 9. 
D a right Line which touches both Bodies; and 
the Lines A D, S C produced, meet in M; the 
cle AMS will be half the Angle of the ſhadowed 
ne, Now in the Triangle SD M, the outward 
ele ADS is equal to both the inward and oppo- 
Angles, by Prop. 32. Book Firſt, of Euclid ; 
t is, the Angles DMS and DSM are equal to 
Angle ADS ; but the Angle DSM is nothing, 
next to nothing, being the Angle under which 
Semidiameter of the Earth appears as ſeen from 
un; and the Angle ADS is the apparent Semi- 
eter of the Sun; therefore the Angle DMS, or 
Semiangle of the Cone, is equal to the appa- 
t Semidiameter of the Sun. 


»nftratel 
e BCI 
un ; al 
es to ti 
touch! 
je Earth 
is of ti 
HC wi 
Now be 
H Can 
Firſt, 0 
hewed, i 
wheret 
to the 1] 


ed of t 

Diamet 

h are h I 3 L E C- 
ne cone 


Figur 


118 ASTRONOMICAL 


S 920 


DEC TURE XII. 


Of th? Penumbra and its Cone; the Hag 
of the Shadow, and the apparent Diaz 
fers of the Shadows, 


IES IDEs the Shadow which is dey 
| of all the Sur's Light, there is: 
tain Space which is but a par id 
dow, and is called a Penumbra; 
though all the Sun's Body doe 
illuminate it, there are, for all 
Rays coming from ſome Part of the Sun wi 
enter it, and render it lucid, the reſt of the 
Beams being intercepted by the opake Bod) 
the Earth ; and the Parts of this Penumbra wi! 
different Degrees of Illumination, according # 
are nearer, or further removed from the vt: 
The Space of the Penumbra is to be determine 
this Manner : 

Plate LET the Circle AEFG repreſent the Sun, H 

VIII. any opake Sphere, for Example, the Moon, it 

Tig. 1. her Penumbra that we are at preſent concerned i 
SC the Line which joins the Centers & 
Spheres. Draw the Line FD O, touching tit 
Side of the Sun, and the right. Side of the I 
and the Line A HP, which touches the rigit 
of the Sun, and the left of the Moon. Let 
two Lines cut the Line SC in I. The F 
remaining immoveable, either of the right 


IDO, or IHP, being extended indefinite" 
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n be turned round the Axis IM, with a conical Lecture 
tion, ſo that they may always touch the Globe XII. 
he Moon; there will by that means be generated II 
indefinite conical Surface, including both the 
dow and the circumambient Space ODM PH M; 
which Space ſome Rays of the San are hindered 1 
entering by the opake Body of the Moon And '1 
is the Space which we call the Penumbra, which q 
arker in X or Y, which are nearer the Borders of | f 
Shadows than in V and N, which are nearer the 1 
ical Surface, For the Places X and Y are illu- 
ed with a ſmaller Portion of the Sun's Disk, 
the other Places further diſtant from the Axis 
he Cone. Now, if the Earth come within this 
ce, a certain Portion of its Surface at S may be 
uded in the total Darkneſs, and the Inhabitants 
hat Region will ſee a total Eclipſe of the Sun; 
thoſe who live without .this Shadow, but are ſtill 
in the Penumbral Space, as about Q and X, will 
e no total Darkneſs, ſome Part of the Sun's Disk 
g ftill viſible, while the reſt is hid by the Moon, 
let us draw from Q the Line Q D, touch- 
the Globe of the Mon; which being produ- 
to the Sun, the Point Q being immoveable, 
e Line QD indefinitely extended be moved 
a conical Motion round the An, the co- 
ul Surface it deſcribes, will cut off a Por- 
| of the Sun's Disk, which is covered by the 
Ml, 
Ve find the Dimenſions of the Cone of the Plate 
wnbra in this Manner: Let the Circle HDL VIII. 
clent the opake Sphere of the Moon, SC tle Fig. 2. 
e joining its Center with the Center of the oe 4 # 
and let C B, the Semidiameter of the Moon, —_ 
perpendicular to C S, and BF parallel to it penumbra. 
hing the Moon in B. Make the Angle BCD 
al to the apparent Semidiameter of the Sun, and 
dug D draw DG a Tangent to the Mon. And 
the Lemma premiſed, the Angle F E G will be 
to the Angle BCD, or to the apparent Semi- 
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Lecture diameter of the dun; and therefore, fince the Lin 
XII. EF goes to the Center of the Sun, the Line EDB 
W muſt touch the inferior Limb of the Sur : But 
alſo touches the Moon; and therefore the Point 

of this Line being immoveable, if it be carried 

a conical Motion round the Moon, it will genent 

the Surface which includes the Penumbra. And be 

cauſe of the Parallels EF, CS, the alternate Ange 

FEI and EIC will be equal; but the Angle EI 

is the Semiangle of the Cone, and FEI is the x 

parent Semidiameter of the Sun; and therefore ha 

the Angle of the Penumbral Cone is always equi 

to the apparent Semidiameter of the Sun. Th 

Cone therefore of the total Shadow, and that P. 

of the Penumbral Cone which lies between the $ 

and the Men, are equal and ſimilar Figures, inv 

they have their vertical Angles and Baſes equal, 

Plate TAE Height of the Shadow of the Earth i 
VIIT. thus determined: Let CT be the Semidianete 
Fig. 3. of the Earth, T M the Height of the Cone « 
Shadow: If T M be the Radius, C T wil 

the Sine of the Angle TMC, which is halft 

Angle of the Cone. And this Angle is equal i 

the apparent Semidiameter of the Sun, as has be 

| ſhewed, and in the mean Diſtance of the dn, 
7 he Height about 16 Minutes. Let therefore the Sine of 1| 
of the Minutes be to the Radius, as the Semidiame! 
Earth's of the Farth to a fourth; and we ſhall find T! 
by equal to 214, 8 Semidiameters of the Earth : Bu 
when the Sun is at his greateſt Diſtance, halt t 
Angle of the Cone is fifteen Minutes, and 50 * 
conds; and the Height of the Shadow become 
217 Semidiameters of the Earth And fince 0 


Diameter of the Earth is to the Diameter of ele! 
Moon, as 100 is to 28; the Altitude of t tie 
Earth's Shadow will be to the Altitude of ITE 
Moon's in the ſame Proportion; for the conicqſ'*tore 
The Height Shadows are ſimilar Figures; and therefore Men is | 
of the Height of the Mom's Shadow will be 59, 36 ch B 
Moon's diameters of the Earth, Hence, if the Dia 


Shadow, 
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ie Earl | 
n, 2 Inis called the Shadow, whoſe Apparent Dia- Lecture 
preciſe ſeen from the Center of the Earth is thus XII. 
in e mined: Let T be the Center of the Eartb, 
obliqu i! 7 half the Angle of the Cone, FL H the 7% afpa- 
al, uon whoſe Diameter is FH. Having the An- 7! Dia- 
Dia of the Cone, we by that Means can find its 15 of 
Venter de T M; but we have alſo T L, the Di-, ha- 


ce of the Moon from the Earth; and therefore = 
an find ML: But we have alſo the Angle obo Dy. 


ce of t 
IL; therefore we can find out F G half the 


t may WE fance of 

1c neter of the Shadow at the Diſtance of the % Moon 
t, wid: And therefore in the rectangled Triangle determined. 
is 6, having the two Sides F G and T G, we Plate 

he Je find by Trigonometry the Angle F T G, the VIII. 

e, vent Semidiameter of the Shadow Ween from the Fig. 3. 
End er of the Earth. It may likewiſe be thus Arorber 

alf nnd: Having F T the Diſtance of the Moon way of _. 
e in n the Earth, and C T the Semidiameter of the finding the 


b; in the Triangle CF T, we may find out /me. 
Angle C F T, which is equal to the two An- 
FM T and FT M: If therefore we ſubtract 
Angle FM T, which is half the Angle of the 


nce fra 
e Earth 


OMetric 

the re, from the Angle CFT, we ſhall find the 
IBN re FTM or FT L: The Angle CF T is 
0 1:18 2pparent Semidiameter of the Earth, ſcen from 


> fron, and is called the Horizontal ParallaxThe Hori- 
the Moon, the Reaſon of which we ſhall ſhew, zontal Pa- 
en we come to treat about Parallaxes. Theſe rallax of 
parent Semidiameters of the Earth, or Horizontalthe Moon, 
Prallaxes of the Moon, conſtantly vary as the Di- 


Seconds 


| 
f 
| 
| 
j 


B, tende of the Moon does, and they are found ready 

25 calated in all Afronomical Tables. 

Aer A M be a Portion of a Line in the Plane Plate 
is chu the Ecliptick, $1 L a Portion of the Lunar Or- VIII. 


t which the Moon moves through, about the Time Pig. 6. 
Full Meon; which becauſe it is ſmall, may be gli of 
preſented by a Right Line. Let the Circle F M Orbe Moon. 
preſent the Shadow of the Earth at the Diſtance 

I the Moon, and its Center G; GL is the La- 

tude of the Moon in the Time of Full Moon, which 

18 
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Lecture is almoſt equal to the ſhorteſt Diſtance of 
XII. Moon from the Plane of the Ecliptick. It i; if 
oy nifeſt that if G L, the Latitude of the 1; 
Plate IX. be greater than the Sum of the Semidiameten 
Fig. 1, 2. the Moon and Shadow; then the Moon will no 
of it enter into the Shadow: But if the Laty 
of the Moon be juſt equal to theſe two Semidiuf 
ters, then the Limb of the Moon will juſt u 
the Shadow, but not enter it: But if the Lat; 
of the Moon be leſs than this Sum, but greater t. 
their Difference, there will be a partial Ech 
and if the Latitude of the Moon be leſs than 
Difference of the Semidiameters of the Mun x 
Shadow, the Eclipſe will be total: And by 
The Limits Means we can find out the Ecliptick Terms or | 
ef Eclipfes. mits, which are ſuch, that if the Diſtances of 
Moon from the Node be leſs than they are, in 
| Time of Full Min, there will be an Eclipk; WM 
Plate IX. greater, there can be no Eclipſe. Let S rf 
Fig. 3. ſent a Portion of a Line in the Plane of the = 
tick, parallel to the Earth's Orbit; N L. atk 
The Limits tion of the Moon's Orbit; S L, the Latitude cf 
determined, Moon, when at Full: And let us ſuppoſe the In 
tude to be ſuch, that the Margin of the Mon m 
Juſt touch the Shadow, and let the Node be u 
The Angle L & 8 is the Inclination of the Oh 
of the Moon to the Plane of the Ecliptick, which 
hve Degrees; and LS the Latitude of the 4 
when its Limb touches the Shadow, equal to 0 
Minutes; and therefore in the rectangular Trang 
N LS, having LS and the Angle L & 8, we « 
find N 8, the Diſtance of the Nade from the Pat 
of the Ecliptick oppolite to the Sun, which 1s 7; 
Minutes, or 12 Degrees 34 Minutes. And it 1 
the Time of Full Moon, the Moon's Place in 
Ecliptick be further diſtant from the Node, than !! 
Degrees 34 Minutes, there can then be no Ed. 
of the Mon. 
Let L be the Center of the Moon, whoſe col 
cal Sbadow is D ME. Imagine this Shadow © 
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Diſtance of the Earth, with a Plane perpen- Lecture l 
ir to its Axis; the Section will be a Circle, XII. | 
W. Smidiameter T P is called the Semidiameter I 
e Men's Shade: Now the Angle under which P late IX. 1 

demidiameter appears, ſeen out of the Moon, is Fig. 4. 
to the Difference of the Semidiameters of the The Dia- 
ind Moon ſeen from the Earth: For the Angle meter of 
) is the apparent Semidiameter of the Moon the Moon's 
from the Earth, which 1s equal to the two in- 3 

Angles PM L and PLM; and therefore, if we Fea , 
wbtra&t from the Angle I. P D, which is the 5 
ent Semidiameter of the Mfo2n, the Angle Moon. 

L, which is equal to the apparent Semidia— 
of the Sun, there will remain the Angle 


, the apparent Semidiameter of the Shadow 
rom the Moon. 


1 L be the Center of the Moon, Plate IX. 
B the Penumbral Cone of the Moon, extended Fig. 5. 

as the Earth, and its Axis MT; if this Cone 
> Diſtance of the Earth be cut by a Plane 
erſely, the Section will be a Circle whoſe Se- 

eter is AT, and is called the Semidiameter 

Penumbra, And the Angle under which it 

s from the Moon, is the Angle T L A, which 

external Angle of the Triangle L MA, and | 
Wal to both the inward Angles L A M and Bi 
A. But the Angle LMA is half the Angle | 
> Cone, which is the ſame with the apparent 

12meter of the Sun; and MAL or CAL is 

to the apparent Semidiameter of the Moon ſeen 75 Hppa- 
the Earth; and therefore the Apparent Semi- „i, F 1 
er of the Penumbra ſeen from the Mhon, is diameter of | 


to the Sum of the Semidiameters of both the he Pe- | 1 
d Moon, I; 


. Ws b numbra. i" 
the Fm had no apparent Motion ariſing from 4 
Ei: Motion of the Earth, the Way of — Moon a? Ht 
the dun would be the ſame with her real Moon . 
in her Orbit: But becauſe, while the Moon is from the 
üng in her Orbit, the S alſo ſeems to move Sun. 
Ecliptick, the Way the Men moves towards 


Or 
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Lecture or from the Sun, will be different from that wil 
XII. Aſhe has in her Orbit; and its Inclination « 
Lay Þ Ecliptick will be greater, than the Inclinati, 
Place IX. the Orbit to it. Let & A be a Portion d 
Fig. 6. Moon's Orbit produced to the Ecliptick : Aud 
poſe the Sun and Men in Conjunction in the) 

Now, then, while the Aon in her Orbit de 

the Space N L, the Sun by his apparent J 

will deſcribe the Space NM S in the Eclipticl, 

8 L will be the Way of the Moon from te 

Now if two Bodies be both moved the ſamt 

but one faſter than the other, their relative u 
whereby the one recedes from the other, is the 

as if the ſloweſt Body ſtood till, and tle a 

moved on with the Difference of Velocitie, 

have demonſtrated in our Phyſical Lectures. Ti 

the Place of the Moon L, draw B L paralle to 
Ecliptick, to which let & B be perpendicular.) 

while the Moon in her Orbit deſcribes the Space 

L, its Motion according to the Ecliptick is equi 

the Space BL; take LI equal to N 8, and d 

Ait will be parallel to S L; and the My 

of the Moon from the Sun will be the ſame if 

Sun had remained in the Node, and the Mun, 

cording to the Ecliptick, had been carried with 
Velocity BI which is the Difference of the 

locities of the Sun and Moon, according to the 
cliptick, Becauſe the Angles BL Q and hg 

are but ſmall, the Angle B L & will be 6 

Angle BI A, as Bl is to B L; that i, © 
Difference of the Motions of the Sun and 4 
according to the Ecliptick, is to the Motion 

the Moon, in the Ecliptick, ſo will the Angle vi 

the Orbit of the Moon makes with the Eclipti 

be to the Angle BI A, which is equal 90 

Angle L S E, or the Inclination of the Vs 

the Moon from the Sun to the Ecliptick : An 

this Means we can find out the Angle, which a 0 

cle of Latitude, drawn through any Point ot 


Ecliptick, makes with the Way of the AA 


1 


Plate IX Jronemng p. 126 
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For in the rectangular ſpherical Triangle, Lecture 
ide Ecliptick, the Circle of Latitude, and XIII. 
Ty of the Aeon from the Sun do form, we 
ne Angle, which is the Inclination of the 
Jof the Moon from the Sun to the Ecliptick, 

Baſe, which is the Diſtance of the Circle- 
Je from the Node; and therefore we can find 
Jer acute Angle. 


LECTUXRE XIII. 


* Projection of the Moon's Shadow 
on th: Disk of the Earth. 


ak Right Line be projected on a Plane 
chat is parallel to it, by letting fall 
from all its Points Perpendiculars on 
the Plane, the Projection or the Place 
all Perpendiculars meet with 
the Plane will be a Right Line, pa- 
nd equal to the former Line which was pro- 
For the Perpendiculars that fall from the 
ities of the Right Line, are parallel and 
and therefore the Lines which join them will 
lel and equal. 
cr, if two Right Lines touching one an- 
be parallel to any Plane, the Projections 
e two Lines upon that Plane, will contain 
vie, equal to the Angle the Lines them- 
make together; this is plain by Prep. 10. 
Al, of Euclid, Hence all Plane Figures 
on a Plane parallel to themſelves have 


for 


{43 <0 Et: Za 


= 


2 
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Lecture for their Projections, Figures exactly ſimilar 
XIII. equal to themſelves. 
Gwyn ds BuT if a Line be inclined to any Plane, 
Plate Xx. Projection upon that Plane, made by letting | 
Fig. 1. from it Perpendiculars to the Plane, will be to; 
Line itſelf, as the Coſine of the Inclination 
the Line is to the Radius. For let A B be ; 
inclined to the Plane, and let D E repreſent 
Plane: Letting fall from the Points A and B, 
Perpendiculars A a, B &; a b will be the Proje 
of the Line AB; to which if we draw thi 
B the parallel Line B C, meeting with the } 
pendicular A @ in C, this Line B C is equi 
a b: But BC is to A B, as the Sine of the 
gle C A B, or the Cofine of the Angle ABC 
the Radius; that is, as the Coſine of the Ang} 
Inclination is to the Radius, ſo is a b to A 
Hence it follows, that every Figure, whoſe Plane 
perpendicular to the Plane of the Projection, i; 
jected in a right Line. For the Perpendicular 
every Point of the Figure, will all fall upon 
common Interſection of the Plane of the Fg 
An Ortho- with the Plane of the Projection. Such a Projed 
graphical of Lines and Figures is called an Orthozrajb 


Projection Projection. . ugh 
what & Ir we imagine a Plane to paſs through the da. 
of the Earth, ſo tiat the Line which joins the projec 


ters of the Sun and Earth, may be perpendicular 
this Plane, it will make on the Surface of the I 
a Circle, which will ſeparate the illuminated Het 
ſphere of the Earth from the dark, This Circle 
before called the Circle bounding Light and H 
neſs, but we will now call it the illuminy 
The Dich Disk; which Disk is directly ſeen by a Sp 


the Earth, placed at the Diſtance of the Moon, in the N Disk 
| Line which joins the Centers of the du . 4 
Earth. Upon this Circle the Earth's Equa Merid 


TheOrtho- its Parallels, Poles, and all the other Circles Wl 
graphical we imagined, are to be ſuppoſed, projected 
Projection thographically, For all Lines drawn from 
on the 1 
Dia. 
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dk, are to be accounted parallel; and therefore 


Disk is perpendicular to it, all the reſt will be 
xendicular to it; and therefore all Lines drawn 
the Center of the Sun, and paſſing through 


be a ry Point of any Circle upon the Earth's Sur- 
reſent when they are produced, will be perpendicu- 
nd B, to the Plane of the Disk. Moreover a Specta- 


in the Moon will ſee all Countries, Cities and 


Projet 
wns to move upon the Disk, which Motion 


V thro 


the occaſioned by the Rotation of the Earth round 
is equi, and every Point will have its Way on 
f the Disk; for by the diurnal Gyration all Places 


ribe either the Equator, or one of its Parallels; 
| if the Sam be in the Plane of the Æquinoctial, 
rather, if the Plane of the Æquinoctial paſſes 
pugh the San, the AfquinoCtial and all its. Pa- 
ls are in that Caſe projected into right Lines 


ABC 
Angle 
to A 
ſe Plant 


on, Bf 
-ulars H they will all be perpendicular to the Disk, or 
| upon Plane of the Projection. But in other Poſitions 
he Fig Projections of theſe Circles will be Ellipſes, 
Projeich are the Ways that all the Places of the 
thera)" are ſeen to move in on the Disk: Now if 
bugh the Pole and the Sun there be a great Cir- 
the C drawn which cuts the Earth, and this Circle 
ns the projected on the Disk, we ſhall have an uni- 


ndicular 
f the ki 
ated Hel 


; Circle touch the 7/2ftern Limb, or Edge of the 
and D, the Inhabitants of that Place will then ſee 
ilumm vn ariſing upon them. But a Spectator at 
a Spe An will fee the Place to riſe and come upon 
the RY Disk, and will fee it move towards the 
Sn WWF: And as ſoon as it has paſſed the univer- 
s Equi Meridian, the Place then being gone to the 
rcles M vard, the Sun ſeen out of the Earth from the 
ojefed Me will appear to move Mſttuard. But when 


Our 


Place comes to the Eaſtern Edge of the Disk, 
K 


ater of the Sun to every ſingle Point of the Lecture 
XIII. 
e that Line which is drawn to the Center - 


al Meridian, to which when any Place is ob- The uni- 
ed to come, the Inhabitants of that Place will wer/a/ Me- 
e Mid-day. And when any Place is firſt ſeen rider. 


* 
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» 
* 
- 
ö 4 
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Lecture our Spectator in the Moon will obſerve the | 
XIII. to ſet in the Disk, and hide itſelf in the dark 5; 


but the Inhabitants of that Place upon the Epi OP 
Surface will ſee the Jun ſet in the Vet, and wi "IN 

draw himſelf out of Sight. | * 

The Big- THE Bigneſs of the Disk is to be eftimatd ow. 
neſs of the the Angle under which the Earth is ſeen fron es 
Dit deter- Moon, and is of the fame Quantity with the } * 
ani ned. zontal Parallax of the Mom. And if fron a \ Cir 
: Moon there be let fall a Perpendicular upon . ye 
Plane of the Ecliptick which meaſures the Dil»... - 

of the Moon from the Ecliptick, this Line Me; 

parallel to the Plane of the Disk, will be proce... 

into a Line equal and parallel to itfelf ; and beg 

Angle under which the Projection of this Lin iaſs.:a:. 

pears from the Moon, will be equal to the M dtn 

under which the fame Line is ſeen from the In ete 

for equal right Lines at equal Diſtances, being . idia 

The Projec- directly, appear under equal Angles. The Wy B+ ; 
tion of the the Moon from the Sun, if fuch a ſmall Porta n. 
Moon's it be taken as is turned towards the Disk in e at 
Way on the Time of an Eclipſe, may be efteemed as 2k: 


Dist. Line, and will be projected upon the Dixk ame 
a right Line, which is equal to itſelf; ad 


u 
Projection with the Projection of the Circle of d the 
titude will contain the ſame Angle, that the re © 
Lines make in the Heavens: The Spectatm reate 
the Mean will ſee this Line to be deſcribed l an 
the Plane of the Disk, by the Center of the Man 


dow and of the Penumbra which coincide. n, a 
Plate X. LET now the Circle D G K repreſent the e ca 
Fig. 2, 3, of the Earth, whoſe Semidiameter let us equal 
1 to be divided into as many Parts as the AHrw_h v. 
Parallax of the Moon contains Minutes and But 
conds. Let the Line N T repreſent the Di eg « 
of the Moon from the Ecliptick in the Time e pa 
New Men, projected on the Plane of the em 
which alſo muſt conſiſt of as many Parts e of 
Latitude of the Mon contains Minutes; the 
likewiſe K N be a Portion of the Ecliptick, che 


4 [ 
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he Mo Portion of the Way of the Mom from the Sun, Lecture 
ark v1 projected on the Plane of the Disk. From the XIII. 
e Een ter T, let fall on the Way of the Shadow a Per 


dicular T V; this Line will meaſure the leaſt Di- The Pro. 
ce that is between the Centers of the Disk and 29/0 of 
dow. At the Center V deſcribe a ſmall Circle, e Moon's 


from fe demidiameter may be equal to the Difference of Latitude, 
the } apparent Semidiameters of the Moon and Sun; 
fron Circle will repreſent the Breadth of the Shadow: 


ir we have ſhewed, that this Shadow, ſeen from the 7h. 5a. 
m, at the Diſtance of the Earth, was equal to the dow pro- 
ceſs whereby the apparent Diameter of the Moon jected 
Needs that of the Sun. Again, let there be de- 

bed another Circle HM, at the Center V, whoſe 


nidiameter V H bears the fame Proportion to the 
the An diameter of the Disk, as the Sum of the Semi- 
he Ee eters of both Sun and Mon bears to the apparent 
being nidiameter of the Earth ſeen from the Moon ; or, 


ich is the ſame, to the Horizontal Parallax of the | 
n This Circle will repreſent the Penumbra, pro- Th, Pen: 
ed at its ſhorteſt Diſtance from the Center of the ymbra 
kk: For we have ſhewed, that the apparent Se- projeated. 
liameter of the Penumbra, ſeen from the Mean, 

equal to the Semidiameters of both Sun and Moon. 

d therefore, if this Circle does not touch the Disk 

te can be no Eclipſe; that is, if the Diſtance VT 

greater than the Sum of the Semidiameters of the 

k and the Penumbra ; or, which is the fame, great- 

han the Sum of the Semidiameters of the Sun and 

an, and of the Horizontal Parallax of the Moon, 

aan be no Eclipſe: But if the Diſtance V T Ven tber 
equal to this Sum, the Penumbra will touch the can be no 


Portion 
isk int 
as 2 1 


Dick 0 


- the Di 


us ſupp 


Hu, without obſcuring the Sun, or any Part there- Eclipſe of 
; an! i But if V T be leſs than this Sum, that is, if it . 

e Dies than V M and T R, the Penumbra will cover 

Tine e Part of the Disk; and thoſe that lie within Ven there 


the Vl 
arts 3 
; 3 and 
ptick, l 

4 | 


Sgment R Z M Y, will ſee at leaſt a partial E- % be an 
le of the Sun. But if the Diſtance VT be leſs Eclipfe. 
h the Difference of the Semidiameter of the Disk, 
the Semidiameter of the Shadow, then the Sha 
K 3 dow 
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Lecture dow will cover ſome Part of the Disk, and mate 
XIII. total Eclipſe of the Sun in all thoſe Places it pak 
over. Theſe total Eclipſes are always but for a ſn 
Total E- Portion of Time, becauſe the Diameter of the to 
clipſes of Shade is but ſmall ; the apparent Diameter oft 
ze Sun. Moon never exceeding the apparent Diameter of t 
Sun, but by a very ſmall Matter, which is ſeldq 
equal to two Minutes; which Space the Center 
the Shade paſſes over on the Disk in the Space 
four Minutes of Time: But yet the Stay that it 
make on any Place, may be longer than this; up 
the Account of the Motion of the Place which fe 
lows the Shade. 
The Eclip- HENCE we may know the Echliptick Limits, 
tick Li- the Diſtance of the Moon from the Nodes, a t 
mits. Time of New Mean; fo that an Eclipſe of the & 
may be poſſible: For let the Circle RO G repteſe 
the Disk of the Earth; & TK and N N, d 
Projections of a Portion of the Ecliptick, and of t 
Way of the Aon from the Sun upon the Plane 
the Disk. And let T V be the leaſt Diſtance of 
Center of the Disk and Shadow; which ſuppd 
equal to the Sum of the Semidiameters of the Di 
and Penumbra : Then in the rectangular Triange 
T V, we have the Side TV; which, when it sby 
geſt, is about 94 Minutes. We have likewiſe 
Angle at A, which, when it is leaſt, is 5 Degie 
and 30 Minutes: From whence we ſhall find d 
equal to 986 Minutes; or to 16 Degrees and! 
Minutes. And ſince in this Caſe the Penumbra al 
touches the Disk, it is plain, that there can be 
Eclipſe, unleſs the New Moon be nearer to the \ 

than 16 Degrees and 26 Minutes. 
Plate K. LI r the Circle RK G, as before, repreſent 
Fig. 6. Disk of the Earth; & T K a Portion of the Ed 
tick projected on the Plane of the Disk; 4 't 
Way of the Moon's Shadow on the Disk; T 
the Latitude of the Moon, and T V the fhort 
Diſtance of the Centers of the Shadow and Di 
Let the Circle O P Q be the Penumbra, my 


m D 
ail C 
poſe 
at IS, 
ich 

eans 

> Sha 
the 
ple 1 
un, 
titud 
n; 2 
it by 


N, We 
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m D by V to 1; in the Middle of whi 
24 jail 1 the Sbadow: 3 2 
* poſe we know the Time of the Conjunction 2 
. pt IS, when the Center of the Shadow fs in N. 
any, ch we find by Aſtronomical Tables; by that 
„ n find the Time when the Center of The Time 
- (1, WF Shade is in V, that is, the Time of the Middle the Mid- 
oY the genera] Eclipſe, For in the rectangled Tri- ale of the 
— ge TV N, we have TN the Latitude of the Eclipſe. 
Se" in, and the Angle T NV, which the Circle of 
5 titude makes with the Way of the con from the 
dich f 1; and therefore we can find V N and T V. 

t by the horary Motion of the Moon from the 
rg ve can find out the Time the Shadow will pals 
s +. | yough the Space NV; and this Time either added 
? heb ſubtracted from the Time of the Conjunction, 
— I give the Time of the Middle of the Eclipſe. 
Winner in the Triangle DV IT, right-angled at 
* 71 ve have the Side D T, which is the Sum of the 
Plane diameters of the Disk and Penumbra, and the 
— le T V the ſhorteſt Diſtance of the Shade from 
; fo Center of the Disk; therefore we can find out 
m_y Side D V, and by it the Time when the Shade 
— ers the Disk ; and from that we ſhall have the 
mt duration, or balf the Time the Eclipſe continues T3, gen! 
* y 2 Disk. After the ſame Manner we ſhall ae” 
5b - Time when the Shade leaves the Disk, or # 
ana ime of the End of the Eclipſe. | 
— HAvING the Place of the Sun in the Ecliptick 
"3 any Moment of Time, we can thereby find the 
” i” the Surface of the Earth, upon which the 
"the N « that Time is vertical : For the Latitude of 

Lace is equal to the Declination of the Sun at 5, 5,7 
Ay and its Longitude is found by turning 2 00 
che K _ 9 the Meridian into Degrees and Mi- avhich * 
. 1.08. fo the Æquator, allowing for every Hour 15 Sun is ver- 
1 1 and for every Minute of an Hour 15 Mi- zica/. 
i. p! a Degree. For Example, The Longitude 
nd all, ace, in whoſe Vertex the Sun is, wi en at Ox- 

we reckon 9 and an half in the Morning, is 


7 mor! | 
2 K 3 known 


| 


reſent tl 
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Lecture known by ſubtracting 9 and a half from 12, and ty 
XIII. there will remain 2 Hours and thirty Minutes; whi 
_ multiplied by 15, make 37 Degrees and 30 Vine 
And therefore that Place will be 37 Degrees and; 

Minutes to the Eaſt of Oxford. 

LEr the Circle F R K repreſent the Disk, 

before; F T K a Portion of the Ecliptick projeg 
Plate X. on the Disk; on which from the Center ered 6 
Fig. 7. Perpendicular TR: This Line will be the Þ; 
jection of the Axis of the Ecliptick, and the Pj 

R of its Pole. Let the Point P be the Projecton 

the Pole of the Earth Through T and the Poe! 

let us imagine a Circle to paſs, and to be proc 

on the Disk. This Circle will repreſent the win 


1 


The Elera- ſal Meridian; and the Elevation of the Pole ab Ea: 
tion of the the Plane of the Disk, will always be equal to the 8. 
Earth's clination of the Sun. For the Arch of the Meridy Arc 
Pole above between the Sun and the Periphery of the Dick, es 
. the Dick Quadrant of a Circle; and the Arch of the Merid , ti 
between the Mauator and the Pole, is likewie 8 © 
Quadrant : W herefore taking away from equa] a ie 

the common Arch TP, there will remain P 5, th Me: 
Elevation of the Pole Sore the Disk, equal tot t Pla 

Diſtance of the Sun from the Equator. Me: 

To find the It is here to be obſerved, that when the dun e 
Peſition in the Signs f % X 8 I, or rather when t in 
the Meridi- Earth is in the oppoſite Signs, the Point 8, where Fla 
an, which the univerſal Meridian cuts the Limb of the Dis ridia 
7775 thre will fall towards the Right Hand of the Pole of 9" © 
the Sun. Ecliptick. But when the Sun is in the other fix Sin itudt 
the Point S falls upon the other Side of the mT bot 

the Ecliptick, contrary to what happens when | Pla 
Projection is ſuppoſed to be made in a Plane pant DY t 

to the Disk at the Orbit of the Moon. Ea 

To find the Angle R T8, or the Arch of 1 

Disk intercepted between the Pole of the Ecliptic \ 

and the Point S: In the right-angled ſpherical If the 

angle RPS, we have the Arch R, the Du W 

of the Poles of the Ecliptick and Aquator 2340 # 


ga: alſo the Side P 8, which is equal to the U. 


clin 
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on of the Sun: Wherefore, by Trigonometry, Lecture 
- may find the Side RS, or the Meaſure of the XIII. 
zle RTS. — mmnd 
Jo find the Place upon the Earth's Surface Q, To fnd the 
re the Sun riſing begins to be in an Eclipſe in its Place of 
er Limb, and where the Shadow enters the Disk: % Earth, 
u through the Pole the Meridian P Q,, to the 27 #, 
nt Q, where the Penumbra firſt touches the Disk. 7 . 
d firſt, in the right-lined Triangle DT V, ha- penumbra 
DT and TV, we may know the Angle DTV; 
which if we add or ſubtract a given Angle V T P, 
ich is the Sum or Difference of two known Angles 
['N and N T B, we ſhall have the Angle Q T P. 
d then in the ſpherical Triangle on the Surface of 
Earth SPQ,, which is right-angled at 8, we 
e SP equal to the Declination of the Sun; and 
Arch SQ, which is the Meaſure of the known 
ge S TQ; from whence we may find the Arch 
, the Complement of the Latitude of the Place 
and the Angle SPQ, whoſe Complement to 
d Rights is the Angle QP T, contained between 
Meridian of the Place Q, and the Meridian of 
t Place to which the Sun is then vertical; and is 
Meaſure of the Diſtance of the Meridian of the 
eQ, from that of the Place which has the 
in the Meridian at that Time. But we know 
Place which has the Sun at that Time in its 


jetion 
1e Pole] 

pre men 
e uniye 


ole abo 


je Sur 1 
vhen tl 


here 
he Di ridian z wherefore we know likewiſe the Me- 
ile of in or Longitude of the Place Q: But its Co- 
ſix Sign tude P Q was before found out. Having there- 
> Pole e both the Longitude and Latitude of that Place, 
Aden Place itſelf muſt be known. 
e par the fame Method we can find out the Place of 
Earth, which is firſt involved in the total Sha- 
1 of And by a like Proceſs we may find out the 
Ecliptꝗ M on the Surface of the Earth, which is un- 
ical TI the total Shadow at any Point of Time, either 
Dita re or after the Middle of the Eclipſe. For the 
23: Dee being known, we may find by the horary Mo- 
the De of the Moon from the Sun, the Line MV and 


K 4 the 


clim 
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Lecture the Point M, where the Center of the Shadow] 
XIII. and in the right-lined Triangle MV T, having! 
2d VU, we may find MT and the Angle MT| 
to which if you add or ſubtract the known hi 

VT P, we ſhall have the Angle MTP. But) 

is the Sine of an Arch of the vertical Circle wh 

paſſes through M, and the Point of the Earth 

face directly under the Sun, the Semidiameter a 

The Deter- Disk being made the Radius. And therefore, i 
mination of ſay, As the Semidiameter of the Disk is to M 
the Place ſo is the Radius to the Sine of an Arch; the hy 
involved ty found out by this Proportion will be the Diſtana 
the Sha- the Sun from the Vertex M: And therefore in 


2 h A ſpherical Triangle on the Surface of the Earth MP 
The we have PT the Diſtance of the Sun from the 


and MT the Diſtance of the Syn from the Jan 
and the Angle MTP. Hence we can find I 
which is the Complement of the Latitude of 
Place; and the Angle MPT, which ſhews t 
Difference of the Meridians of the Place M, at 
that Place to which the Sun at that Time is vertid 
which Place by the Time is known, and tber 
we can find the Place M. And by this Me 
we may find ſeveral Places over which the Shaded 
paſs ; and if they be joined by Lines, we ſhall k 


the Way of the Shade upon the Surface of the Zo 


THE Portion of the Diameter of the $un d 
ſcured by the Mon, is known by the Situation 
the Spectator within the Penumbra; or by his) 
ſtance from the Center of the Shade. For k 
ASB be the Diameter of the Sur, parallel to th 


Diameter of the Penumbra EF; draw the Lin 


plate x. MCB, touching the ſuperior Edges of both 9. 


Fig. 8. and Mom; and let FCA alſo touch the inf 


Margin of the Sun: Then the Angle A CB. 
equal to the apparent Diameter of the Sun; 1 


The Por- the Triangles AC B and MC F are ſimilar. % 
tion of the poſe then a Spectator within the Penumbra 1 
folar Dick G; draw the Line GCP, touching the Gov 


of the Moon, which nearly paſſes through the for 
Mt 


obſcured by 
the Eclip/e, 
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adoy 8; Point C, and cuts off AP, that Part of the Lecture 
wing Diameter, which is obſcured by the Moon, to XIII. 
e M Spectator in G. But the right Line GP, fince Www 
wn er nearly paſſes through the Vertex of the Tri- 


«MCF and ACB, will divide the Baſes AB 
IMF ina like Proportion. And therefore A P 


But 


rcle wh 


art); AB, as FG to MF; that is, the obſcured 
eter of tion of the Sun's Diameter is to the whole Dia- 
ore, i er, as the Diſtance of the Place from the Edge 
; to HM che Penumbra, which is FG, is to FM the Se- 


the Jy 
iſtang 


ameter of the Penumbra diminiſhed by the Semi- 
eter of the total Shadow. 


ore int uE Aſtronomers commonly divide the Diameters The Quan- 
hM both Solar and Lunar Disks into twelve equal zity of the 
the du ts, which they call Digits; and by them they £c/p/ 
he I re the Quantity of the Obſcuration, And they 9/imated 


find M the Eclipfe is of ſo many Digits, as the obſcured © Digits. 


ide o tions conſiſts of ſuch Parts. 

hews lr we know the Poſition of any Place upon the Having 
M, ai for any Point of Time, and it be deſired to he Pofition 
; vertical the Phaſis of the Eclipſe for that Time, as it is of the 


ther from the Place, it is to be found in this Man- Place on 


s Meth Let S be the Poſition of the Place on the Disk; Ve Dick, 
Shade out for that Point of Time, the Place of the fa the 
ſhall h ter of the Shade in its Path, which let it be M. th Fe 4 | 
the Lan the Center M, with a Semidiameter, equal to e Beligſt. 
un o >emidiameter of the Moon, deſcribe the Circle 


uation L: Alſo at the Center 8, with a Semidiameter 


y his equal to that of the Sun, deſcribe the Circle 
For k G, which the Circle AFL cuts in E and F; Plate X. 
el to EBF A will be that Part of the Sun, which Fig. g. 
the La vered by the Moon from a Spectator in 8S. For 
both luce the Semidiameter of the Meon M A through 
e inſetu chat A D may be equal to the Semidiameter of 
ACB! dun, which is equal to BS; and then MD will 
un; Mequal to the Sum of the Semidiameters of both Sun 


r. WAR Mn; and therefore it will be equal to the Se- 
mbra meter of the Penumbra : And the Diſtance of 
e (100888 Place from the Edge of the Penumbra is SD: 
the fu becauſe BS is equal to AD, AB will be equal 


[me to 
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Lecture to 8 D. Take AN equal to the Semidiameter q 


XIII. 


t the Semidiameters of the Sun and Moon, whit 


The Veloci- the Disk, be inquired for, it muſt be obſerved, th 
the Way of the Mom from the Sun is projected 
Shadow on the Disk, in a Line parallel and equal to itkl 


ty of the 
the Dick. 


Sun's Diameter. But AB is equal to SD, and} 
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Sun, and then MN will be equal to the Differeng 


equal to the Semidiameter of the total Shadow. 
we ſhewed, pag. 136, that SD was to DN, x; 
the Part of the Sun's Diameter obſcured was t | 


is equal to DA and AN, which are equal to 
Semidiameters of the Sun, or to one Diameter | 
Sun. Therefore A B is to the Diameter of the. 
as SD, the Diſtance of the Place from the Edx 
the Penumbra, is to D N, which is the Semidiama 
of the Penumbra diminiſhed by the Semidiameter ai 
total Shadow. And therefore it is plain, that J 
muſt repreſent the Portion of the Sun's Diane 
which is then ſeen to be obſcured. 

HENCE alſo is determined the Poſition df ü 
Cuſpides, Points or Horns of the Eclipſe : fo 
drawing the vertical Circle TS G, the Arches 61 
G F, ſhew the Diſtance of the Points from the ſ 
preme or higheſt Point of the Sun's Limb. 

Ir the Velocity wherewith the Shadow goes on 


which Line is deſcribed by. the Motion of the d 
dow: And therefore the Velocity of the Centr 
the Shade is equal to the Motion of the Ado in 
the Sun. Now the Motion of the Menn from ti 
Sun is about 30 4 Minutes in an Hour; though it 
ſometimes more, and ſometimes leſs. And therein 
the Space, which the Center of the Shade moves tin 
in an Hour, is about 304 Minutes of the Lum 
Orbit. Now the Semidiameter of the Lunar ii 
is about 60 Semidiameters of the Earth; and ther 
fore one Minute of the Orbit of the Moon is as mi 
as 60 on a great Circle of the Earth, or as muc 
one Degree, that is, 69 Engliſh Miles. And tie 
fore 30: Minutes are equivalent to 2104 EA 
Miles ; which Space the Shade moves through a x 


[ 


| G 
2 5 
5 
P Es 
Peg 8 
A * 8 E 
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in one Hour, But though this be the Velocity Lecture 
e Shadow on the Disk, yet the Velocity where- XIV. 

Shade recedes from any given Place on the 
Ys Surface, is leſs than it; by reaſon that while 
Shadow moves from the Eaſt to the Veſt, all 
WPlaces of the Earth are likewiſe carried by the 
tion of the Earth the fame Way : And therefore, 
ing the Motion of the Shadow with a ſlower 
they diminiſh the 1 5 whereby the Shade 

s from them. | 


LECTURE XIV. 
ew Method of computing Eclipſes of the 


un, as they are to be objerved from any 


wen Place on the Earth's Surface. 


37, ITHERTO we have explained all the 
Phaſes and Appearances of a general 
855 & Eclipſe, ſuch as a Spedtator at the Moon 
579) would obſerve ; and we have ſhewed 
SS» the Methods whereby the Beginning, T5. Begin- 

Middle, and End of an univerfal Eclipſe ning of an 
be determined. But this Beginning and End aniwerſal 
te obſerved by only a few, who lie near the Ed go Ber 70 can 
de Disk, where the Shadow enters. In — e obſerved 
s lying towards the Middle of the Disk, there . _ 
e no Eclipſes ſeen, till ſome time after, when“ 

largin or Edge of the Penumbra comes to touch 
And the End will be when the oppoſite Part 
xe Penumbra leaves them. And therefore, ac- ted the 
ng to the different Situation of Places, the Quan- Beginning: 
of the viſible Eclipſes will be different, as like- ;, particu- 
their Beginning, End, and Duration. lar Places 
HEREFORE to compute the particular Phaſes are very 
2 Eclipſe, as it is to be obſerved from a certain different. 
Place, 
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Lecture Place, we muſt here explain a new Method, wier 
XIV. without the troubleſome and tedious Calculatin 
WwWW Parallaxes, which all the A/tronomers have matt 
of before, the particular Phaſes may be ſhewn, WW 

A new LEr therefore the Semicircle AEB be har 
Method to Disk of the Earth, in whoſe Circumference i; | 
compute the Point E, which anſwers to the Pole of the Ec 
Phaſes for And let the Pole of the Earth, or the quam 
@ particu- projected into P. Becauſe all the Places of the} 
lar P _ being carried by the diurnal Rotation, deſcrite( 
+ oy 1 * cles, which are the Æquator or its Parallels, af 
8. '* the Parallels, except in the Aquinoxes, are ind 
All Paral- to the Plane of the Disk, the Parallel which! 
delt pro- Place deſcribes will be projected into an NN 
Jected into which will be the Way or Path in which tha l 
an Ellipſe. will be ſeen to move by a Spectator at the Min 
therefore FX II D be the Ellipſe in which tte! 
rallel of any Place is projected on the Disk: And 
the Points in which the Horary Circles cut tle] 
rallels, be likewiſe projected: And let theſe Point 
VI, VII, VIII, IX, X, XI, XII, I, II, III, IV, V, 
So at Six in the Morning the Place on the El 
Surface will be ſeen on the Disk at VI; at te 
venth Hour it will be at VII, at Eight of theCl 
it will at VIII, and at Nine it will be in tie l 

IX, and ſo on. . 
LET CT be a Portion of the Path of the i 
dow received on the Plane of the Disk: And 
poſe the Center of the Shade at Two of the (i 
to be in the Point 2; at Three of the Cl 
the Place of the Shadow be 3 ; and at Four {i 
in the Point 4, c. At Two of the Clo 
Seat of the Spectator on the Disk is II; and tit 
fore his Diſtance from the Center of the Shan 
Pofition of 2 II: But if we meaſure this Diftance accordiy 
4 Place re- the Path of the Shadow, we muſt let fall front 
duced to the place a Perpendicular to the Path, which i 
* 2 IT L, and the Diſtance thus eſtimated will be 2 
| 2 and the Point L will be the Poſition of the 
* reduced to the Path of the Shadow, At Ther 
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* 4, and the Place in IV. All which Time the 
ne; or advances nearer to the Place, till at laſt the 


of the Penumbra touches it, and then the Eclipſe 
begin at that Place. At the fifth Hour, when 
enter of the Shadow is at 5, and the Place is in V, 
ill be there more within the Penumbra than it was 


1s, M, and the Shadow will be near the Place: But 
re nt x, the Shadow being at 6, and the Place at VI, 
vhich Shadow will have got to the Ea of the Place, 
in Il is then in the Point of the Disk at VI; and 


fore the Center of the Shadow has paſſed by the 
and the Time of the ſhorteſt Diſtance between 
nter of the Shadow and the Place, will be be- 
n the Hours of 5 and 6, After this Time the 


it the ance of the Shadow and Place will conſtantly 
J. greater, and at laſt the Meſtern Edge of the 
V, . mbra will leave the Place, and there will be an 


of the Eclipſe upon that Place. But by the 
wing Method the Beginning, Middle, End and 
ation of the Eclipſe will be more accurately de- 
ned, Upon which Account we muſt firſt pre- 
the two following Problems ; 


f the 

And k PROBLEM I. 

the (i | 

Clock nd por the Dis of the Earth the Poſition of 4 
Ir {tit Place for any given Point of Time. 

Clock 


and ter the Semicircle AE B repreſent half the Disk, 
Shao Portion of the Ecliptick projected on the Disk, 
cording g projected 8 E, meeting with the Periphery of 


Disk in E, which will be the Pole of the Eclip- 


rojection of the Pole. As the Radius is to the 
of the Latitude of the Place, ſo let SP be to 
and the Point H will be the Projection of the 

| Center 
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lock the Shade is at 3, and the Place at III, and Lecture 
Diſtance is 3 III, which is leſs than the former XIV. 
Wince at Two. At the fourth Hour the Shadow W WW 


on the Earth's Surface. Let SP be the Line Plate XI. 
hich the Axis of the Earth is projected, and P Fig. 2. 


142 
Lecture Center of the Parallel. Through H draw HG 


XIV. 


of the Diſtance of the Place from the Pole, 


Plate XI. 
Fig. 3. 
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to the Semidiameter of the Parallel, or to the | 


muſt be perpendicular to PS; this will be hy 2 
greateſt Axe of the Ellipſe into which the PM]] ſhes 
projected. As the Radius is to the Sine of the H Tim 
Elevation above the Plane of the Disk, ſo kt ( HE 
be to HL, and HL will be the leſſer half 4: C 
the Ellipſe. In G H take HQ, which has te 5/6 
Proportion to G H, that the Sine of the Angle, wid w. 
the Horary Circle and the Meridian make th on 
has to the Radius; and draw QR perpendi the 
to GH : Alſo make the Proportion, as the | le a 
to the Coſine of the Angle which the Horary th. 
and the Meridian make together, fo the leſſer (iy Com 
axe HL to a fourth, to be laid on the Li Mice 
from Q to R; and then the Point R will R tber 
Poſition of the Place on the Disk require u 2 M. 
Moment of the Time given. e, V 
The fame may be done by the Help of He L 
rary Circle, are 
LET AOB be half the Disk, P the Pol, ical 
the Univerſal Meridian, meeting with the Dit 
G; and let FPO be the Horary Circle for theM 
ment of Time given. In the right-angled Tray 7 
P GO, we have PG the Elevation of the Pole at 0 
the Disk, and the Angle GPO, which the Ho 
Circle makes with the Meridian; whence wer 
find out the Angle GO P, the Inclination d dhe. 
Horary Circle to the Plane of the Disk, df, 
Arches PO and GO; and therefore we hae! the. 
Point O, where the Horary Circle cuts the Der © 
Draw SO, which will be the common Sed on 
the Horary Circle with the Plane of the Disk. Aſtro 
PF be the Complement of the Latitude of the Ta 
And 80 being the Radius, take 8 Q, equal u d. 
Sine of an Arch, whoſe Complement is the ds 
two Arches that are known, vis. FP and P\ o 
and let D be the Coſine of the ſame Arch vl p 


Sine is SQ, At Q upon Os erect the * 
1 


LECTURES. .- = Wl 


, ſo that D may have the ſame Proportion to Lecture 
, that the Radius has to the Ceſine of the Incli- XIV. 
n of the Horary Circle to the Plane of tb. 
and R will be the Point which was deſired, 
ſhews the Poſition of the Place on the Disk for 
Time given. 
ax fame Thing may be likewiſe found out this 
. Calculate, (by the Problems demonſtrated in 
Spherical Doctrine, and in the Problems to be 
q where the Uſe of the Globes is taught) for 
Moment of Time given, the Sun's Altitude, 
the Angle between the Vertical and Hour- 
le at his Center, and make the Angle RSP 
| thereto ; and take 8 R equal to the Sine of Plate XI. 
Complement of the Altitude, or the Sine of his Fig. 2. 
ance from the Vertex, 8 E being the Radius, 
then R will be the Point required. By the 
> Methods, for all other different Moments of 
e, we can find out other Poſitions of the Place 
e Disk. The Demonſtrations of all theſe Prac- 
are eaſily deduced from the Laws of Ortho- 
ical Projection. 


PROBLEM II. 


in an Eclipſe the Poſition of the Center of the 
Shadow on the Dis, for any given Time. 


ET AEB, as before, repreſent the Semi- dist, plate XI. 
the Axis of the Ecliptick, CT the Path of the Fig. 4. | 
wow, while it paſſes over the Disk; and let it 
the Axis of the Ecliptick in N. Now when the 
ter of the Shadow is in N, then is the true Con- 
tion of the Sun and Moon, whoſe Time is known 
Aſtronomical Tables. We have likewiſe by the 
Tables the Horary Motion of the Moon from 
Wn, Say, As the Horizontal Parallax of the 
1s to the Horary Motion of the Moon from the 1 
ſo is the Semidiameter of the Disk to a fourth 1 
M: This will be the Space which the Shadow : 
ts through upon the Disk in an Hour, Then 


ſay, 
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Lecture ſay, As one Hour is to the Time between the 0 
XIV. junction and the Time for which the Poſiting 
tue Shadow is ſought ; ſo is the Line M to a four 
this Line will ſhew the Diſtance of the Shadoy 
its proper Path, from the Point of Conjundtion 
and conſequently the Place of the Shadow for | 
Time given, Suppoſe the Hour which immedi 
precedes the Time of Conjunction, to be any H 
you pleaſe, For Example, let it be the Fourth Hy 
ſay, As one Hour is to the Time between | 
fourth Hour and the Time of the Conjundtion, 
let the Line M be to another, which is N 
the Point 4 will be the Poſition of the Shadoy 
Four of the Clock. Take likewiſe 4 3, 32,4 
5 6, equal to M; and the Points 2, 3, 4 5, 6, 
ſhew the Place of the Shadow at the Hours 2 

6 ang $6. - 
THESE Things being premiſed, let AEB bel 
the Disk, as before, C T the Path of the Shad 
upon the Plane of the Disk, which the 4x «t 
Ecliptick cuts in N ; and when the Shadow cn 
Plate XI. to N, then is the Time of the true Conjundi 
Fig. 4. Let, for Example, the 2d be the Hour which i 
mediately precedes the Time of the true Corju 
tion, and then mark in the Path of the Shadow 
The Calcu- Places at the Hours 1, 2, 3, 4, 5 3 and likewiſeatd 
lation ſame Time mark the Situation of the Place ot 
the B 1 Disk at the ſame Hours; let them be I, II, III. 
707 +4 % V. At One of the Clock the Diſtance of theP 
Ae. and Shadow is 1 I; thi-, by applying to a Scat 
* equal Parts, is to be-meaſured, and taken in Nu 
bers; and from thence deduct the Semidiamete! 
the Penumbra, meaſured by the ſame Scale, and 
have the Diſtance of the Place from the Edge «it 
Penumbra, 
AT Two of the Clock, after the ſame Mum 
take the Diſtance of the Edge of the Pen 
from the Place which is then in II; the Difer 
of theſe Diſtances, ſince the Edge of the Per 
is in both Caſes more Maſterhy than the Place 


- 
H 
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the 0 ppropinquation or relative Motion of the Place Lecture 
ofition ; Shadow in one Hour, Say then, as the Ap- XIV. 

a four {inquation of the Margin of the Penumbra to the v＋ν.:!F 
hadoy in one Hour is to the Diſtance of the ſaid Mar- 
ion om the Place at T'wo of the Clock, ſo one 


ris to the Diſtance of Time from Two till the Be. 
ing of the Eclipſe ; which Time, added to the ſe- 
| Hour, ſhews the Time when the Eclipſe begins, 


V for: 
mediate 


ws on the Poſition of the Place at II, to the Path 23, Cale 
veen e Shadow, let fall the Perpendicular IT 2. And 1442, ef 
tion, e the Center of the Shadow is at 2, the Di- the Time of 


e of it from the Place reduced to the Path, is greateſt 
Alſo at the third Hour the Poſition of the Place Ob/cura- 
III, let fall from thence a Perpendicular III þ Lien. 

e Path; the Diſtance of the Shadow from the 

reduced is 3b; the Difference of theſe two 

ances is the Acceſs of the Shadow to the Place 

d, in the Time of one Hour. Meaſure this 

ence: with a Scale, and by the Rule of Pro- 

on ſay, As the Acceſs of the Shadow to the 

reduced in one Hour, is to the Diſtance of 

hadow and Place reduced at Three of the Clock, 

one Hour, or 60 Minutes, to a fourth Time; 

h Time, added to the third Hour, gives the 

of the Middle of the Eclipſe, or of the greateſt 

ration, 

r Four of the Clock the Center of the Shadow 9, Can. 
4, and the Place in IV; and becauſe 4 IV is Jain of 
han the Semidiameter of the Penumbra, ſubtract the End of 
Im the Semidiameter, and there will remain the the Eclipſe. 
ince of the Place from the Edge of the Penum- 

Again, at Five of the Clock the Shadow is 


e Shad 
xis of 0 
OW con 
mund 
yhich if 
Con 
hadow 
viſe at 
ce on tl 
„II. 
the Pl 
2 Scale 
in Nu 


ameter 
f an and the Place in V; and their Diſtance is 5 V, 
dee oft h is greater than the Semidiameter of the Penum- 


and therefore the Heſtern Edge of the Penumbra 

dw more. advanced towards the Eaſt than the 

is; and therefore before that Time the Penum- 

das quitted the Place, and the Eclipſe is at an 

From the Diftance 5 V, ſubduct the Semi- 

eter of the Toning and there will be left the 
L 


Man 
Pemm 
Diſtere 
Pen 
Place, 


nce between the Place and the Meſtern Side of 
| the 
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Place, and it has now got to the Eaft of it, th 


Carrection 
of an Er- 
ror which 
may ariſe, 


ASTRONOMICAL 


Four of the Clock, the Edge was Y2/tward d 


lative Motion of the Penumbra and Place nut 
eſtimated by the Sum of theſe two Lines or 
ſtances. Say then, As the Sum of theſe tuo! 
ftances is to the Diſtance of the Edge of the Pm 
bra from the Place at the fourth Hour, ſo h. 
Hour to a fourth Time; which Time, ade 


Four, gives the Time when the Penumbra les Cen 
Place, or it will ſhew the End of the Eclipſe, Rat 
TRE Motion of the Shadow in its Path is equl * 


at leaſt all the Time of an Eclipſe it may be efteen 
equable, But the Motion of a Place upon the I 
is no ways equdble, but towards the Edge of 
Disk it is ſlower; when it comes towards the Mii 
it goes through larger Spaces in equal Time. M. 
over, our Calculus ſuppoſes, that the relative Mat 
of the Aeon and Shadow are equable ; and the Mid 
of the Eclipfe, or greateſt Obfcuration, to be 
the Line which joins the Place, and the Cent 
the Penumbra, is perpendicular to the Path of 
Shadow ; neither of which 1s preciſely true, andthe 
fore there, will arife ſome ſmall Error; but iti 
be corrected in this Manner: At the Time 6 
Beginning of the Eclipſe, find out the Place d 
Shadow, and likewiſe, for the fame Time, the 
tuation of the Place upon the Disk. At the Wa 
of the Shadow, with a Diſtance equal te the dc 
diameter of the Penumbra, deſcribe a Circle: If 
Circle paſſes through the Point the Place is in, 
is the Beginning of the Eclipſe rightly detemin 
but if this Circle does not paſs through the! 


note the Diſtance of the Place and the Peri of 
and take the relative Motion of the Place and! A 
gin of the Penumbra for half an Hour; and W po I 
again by the Rule of Proportion, as before, mH as 
ſhall then have the true Time of the Beginnits L 
the Eclipſe. And by the ſame Method wem . 
rect the Error that may axiſe in computing the! * Fro 
of the Ecliple. And by Mis means we may Mt Bl. 5 
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ing and End of Eclipſes, as accurately as by LeQure 
mmmon Method, which is by a troublefome XIV. 
ation of the Parallaxes ; where they likewiſe 
e, that the viſible Motion of the fon is : 
e for a certain Time; which, nevertheleſs, is 

quable as the Motion of a Place upon the Disk 


about the Time of the Middle of the Eclipſe, The Quan: 
Center of the Shadow, a Circle be deſcribed, tity of rhe 
Radius is equal to the Setnidiameter of the greateſt 
and if likewiſe we deſcribe another Circle, 0?/eura- 
Center is the Place of the Spectator, and whoſe ion. 
is the Semidiamieter of the dun; the Inter- 

of theſe two Circles will ſhew the Phaſis at 
teſt Obſcuration. 
there be ſome who are not pleaſed with this The Com- 
ical Way of meaſuring Lines and Diſtances putation by 
ale, they may compute all the Lines by Tr;- Trigono- 
try in 74 following Manner: As before, let metry. 
| be the Disk of the Earth, P the Projection 

Pile, CN T the Way of the Shadow, the plate XI. 
2 its Poſition at Two of the Clock; and, for Fig. 5. 
e Time, let II be the Situation of the Place 

Speffator, Let SE be the Axis of the Eclip- 
which cuts the Path of the Shadow in N; 
nll be the Latitude of the Moon at the Time 
Conjunction. From the Center of the Shadow 
e Place draw the Line 28, IIS, to the Center 
Disk, and join 2 II: Then in the right- lined 
ge 2 NS we have NS the Latitude of the 
and 2 N its Diſtance from Conjunction at 
of the Clock, We have likewiſe the Angle 


s - 4 - . 
_ which is the Inclination of the Path to the- 
« al of Latitude: Wherefore we can find out 2 8, 
and e Angle 2 8 N. Again, in the ſpherical Tri- 


PSII, we have the Side PS the Complement 
Sur's Declination, and P II the Complement 
Latitude, together with the Angle S PII, 
s known by the Time; by which we can b 
de Arch S II, which is the Diſtance of the Sun 
Vertex; and the Sine of this Arch. is juſt 

L 2 equal 
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Lecture equal to the Diſtance 8 II, $ E being made the 
XIV. aus We may alfo find the Angle PS II; wy 
if we add, or take away the known Angle. 


we ſhall have the Augle NS II. But the 4 
2 SN was found out before ; wherefore we hay 
Whole Angle 2 8 II. Laſtly, in the right-line 1 
angle 2 8 II, we have the two Sides 2 8 and! 
and the Angle contained between the wo fig 
and therefore by plain Trigonometry we my 
the Side 2 II, which was to be found out, ig 
ing by this Method, there is no need for irq; 
into the Poſitions of Place and Shadow on tle I 
for they are to be found out by a Calculus vit 
Protraction. | 


To find the THE Longitudes of Places on the Surface 0 


Longitude 
ef P laces 
by Obſer- 
vations 0 
Solar E- 
elipſes. 

Plas XL 
Fig. 2. 


Earth may be found out by Obſervations ef El 
of the Sun, as well as by thoſe of the Aan, wn 
we obſerve in that Place whoſe Longitude is wa 
the Moment of Time when the Eclipſe ben 
ends, Let that, for Example, be at Five d 
Clock; and at the Center V, with a Diftance g 
to the Semidiameter of the Penumbra, deſcrix 
Arch of a Circle cutting the Path of the. Sach 
d, that Point 4 will ſhew the Place of the Cent 
the Shadow at that Time. Meaſure the ii 
Nd with a Scale, which being given, togethe: 
the Motion of the Moon from the Sun, we (hal 
the Time in the Place of the Obſervation, wha 
true Conjunction is celebrated. In like Mannes 
an Obſervation in any other Place, we mi 
when the ſame Conjunction is celebrated accord 


the Time computed from the Meridian of that! 


and the Difference of thoſe Times being ture 
Degrees and Minutes of the Aquator, wil! 
the Difference of Longitude between thoi 
Places, 

In Practice it is convenient to make the * 
diameter of the Disk ten Inches, that it m 
divided by a Scale into 1000 Parts, which | 
by the Help of a Diagonal Scale; for this N. 
is the Tabular Radius: And let SN the L 
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Mom, and all the Lines whoſe Dimenſions Lecture 
eſſary to be known, be expreſſed by the ſame XIV. 
For if we ſay, As the Horizontal Parallax Gamymnd 
Moon, which is expreſſed in Aſtronomical 
in Minutes and Seconds, is to the Moors 
Wic, ſo is 1000 to a fourth Number; and then 
Wc the Line SN out of the Scale, whoſe Di- 
Wn is expreſſed by this fourth ; this Line will 
t the Latitude of the Mon. And in like 
ve are to operate to find out the Length 
Way the Shadow advances in an Hour in 
Sh. And now we have ſhewed a new Way, 
Wch the Times and Phaſes of an Eclipſe are 
efined, as they are to be feen from a par- 
Place, which does not require a frequent or 
Calculation of the Parallax, to have the 
Place of the Moon in the Heavens, both as to 
de or Latitude; which Method is received by 
//rmomers, But our Method is much eaſier, 
W I think, no leſs accurate: For in the com- 
Wicthod the different Poſitions of the Eclip- 
reſpect of the Horizon, which are always 
W's will produce great Inequalities in the 
Motion, and will make her conſtantly alter 
, both as to Longitude and Latitude : So 
as the Moon aſcends or deſcends, the Pa- 
W will always be changeable ; and except we 
: _ them, it will be hard to eſcape falling 
W Error, 

W becauſe the Method of computing Eclipſes 
ares is that which is generally made uſe of 
Aſtronomers, it will be convenient likewiſe to 
chat Method. And here I ſuppoſe the Reader 
Wircady inſtructed in the Doctrine of the Pa- 
either by other Aſtronomical Books, where 
Wplained at Length, or by what we ſhall after 
upon that Subject: And that being under- 
the Principles on which the Calculation is 
are eaſily apprehended, though the Practice 
Nules is very difficult and tedious, 
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ASTRONOMICAL, 
FirsT of all, the viſible Conjunction, mn 


XIV. Way the Moon is then to take in the Heaven, 
2 de determined. For in this Caſe, the tne 
The com- viſible Conjunction are very different both as wf 
mon Me- Times and Places. The true Place of the J 


thed of js that which is ſeen from the Center of the F 
Z. egi er the viſible Place is that which is ſeen from or iſ" 
clipſes of 


bitation on its Surface, Let the Semicircle A* 
repreſent an Hemiſphere of the Globe of the 5; 
whoſe Center is T; from whence draw the U 
Line TLS through the Mn at L, and the 
at 8, at a much greater Diſtance; and then 
ſince the Centers of the Sun and Adoon are ſert 
the ſame Right Line from the Center of the . 
Plate XII. they will appear in the ſame Point of the Han 
Fig. 1. and they will be in true Conjundtion. But a dh 
on the Surface of the Earth at A, will obene 
Centers of the Sun and Mon in diſtin Point 
the Heavens, their Diſtance being the Arch $ 
The Point where the Right Line T L, «at 
through the Centers of the Earth and Mam n 


Mo „ with the Heavens, is called the true Place df 7 
1 ey 4 5 Moon. But where a Right Line paſſing through e dil 


Eye of the Spectator on the Surface, and the Cz 
The of the Mom, meets with the Heavens, that It 


Moon's is called the viſible or apparent Place of the M | 
wiſible Let theſe Points be Sand E; the Arch SF, wi q e 
Place. is the Diſtance between the true and apparent Pl ace 
The is called the Moon's Parallax, Now becauſe fora 
Moon's Points T and L, in reſpe& of the immenſe Dif * 
Parallax. of the fixed Stars, coincide, the Arch SE vil . t 

the ſame, whether its Center be conceived to ag 


L, or in T; and therefore the Arch SE » ha 
Meaſure of the Angle 8 LE, or of the Ange al 4 
which is equal to it. But the Angle ALT b 
Angle under which the Semidiameter of the! f Al 
AT, drawn through the Place of the Span | 
ſeen from the Moon: And therefore the Puri 
of the Moon is always equal to this Angle. 
this Angle is biggeſt when the Semidiameter 
rectly ſeen from the Moon; for then the Ange 
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Lecture of the Mom from the Ecliptick, is called the 14, 
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ye 8 
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Parallax of Latitude, For determining the" Pj, 
of Eclipſes, as they are to be ſeen from a given Pla 
it is neceflary to know at that Time the true Pan 
of the Moon and Sun, which may be compute} 
Aſtronomical Tables from any given Moment 


Time. Moreover, we muſt know the ana»: of 

Place of the Moon, which is to be determined H ble 
a true Place, by a Computation of the M's Pence 

rallax; which being premiſed, the Times and Ph the 
are thus found out, td 
LET þ # be a Portion of the Ecliptick ; $ pd 0 

Place of the Sun therein, at the Time of the en, 
Conjunction, and J the apparent Place of the Mie 
reduced to the Ecliptick ; 1 8 the viſible Lai un 

Plate XII. of the Moon, and 1S will be its viſible Lingi dn, 
Fig. 3- from the Sun. At a ſmall Portion of Time Tai 
fore the true Conjunction, find out again the vii et? 

Place of the Moon in the Ecliptick ; which |: WA tt: 
A Calcula- be at p, and let p q be the Moon's viſible Lat 
tion of the Draw 9 o, which produce, and let it meet e $ 
viſible E- the Ecliptick in ł; and 94 will be the vifible WMP": 
che. of the Moon from the Sun at the Time of the of 
junction. In the Triangle 9 o n, right-angled at enter 

we have on the Difference of Longitude of = '* 
Moon from the Sun in p and I, and g n the DEF 
of Latitude; whereby we can find the Ange are 
or KA p, which is equal to it, and which is the A 
clination of the viſible Way of the M to , 
Ecliptick. From thence alſo we can find the 8: ff 
9 0, and by them we can find the Lines 2 An; 
8 k and 87. For pl is to 9 , as /s is to Moby 

And in the Triangle 0/4, by having od 
Angle &, we can find o and 74, and thereby er 
and $f, Now, when the Center of the 1 S 
ſeen at t, then is the viſible Conjunction of the AFT 
and Mon. And therefore we fay, As 9% e 
or as pl is to 18, ſo is the Time that the 4 uſt be 
moves through the Space q , to the Time it nog t! 
through er; and then we ſhall have the Tine Wi 8 
Fas bet 


tween the true and viſible Conjunction. Flos 
N 


he My 
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on the Way of the Moon let fall a Perpendicular Lecture 
n, ind in the right-angled Triangle S n, we XIV. 


en es“ and the Angle + ; therefore we can find — 
rue ts n, which is the leaſt viſible Diſtance, or the | 
nputed et Approach of both San and Mon. If this 


{ance be greater than the Sum of the Semidiame- 
rs of the Sun and Moon, there will be no Eclipſe 


Oment 
ADDar f 


ined (ble in that Place; but if it be leſs, the Dif- 
„ne ence reduced into Digits will ſhew the Quantity 
ind Ph the Eclipſe, Having the Side S mn, and the An- 


Sm, which is equal to the Angle 4, we can 
d out the Line fm, and thence the Time the 
lun, in her viſible Way, takes to deſcribe the 


Wine im, which is the Time between the viſible 
Lat nction, and the Moment of greateſt Obſcura- 
Lonei pn. 
Im. Tut Beginning of the Eclipſe is thus determined: Plate XII. 
the vet p 4 be a Portion of the Ecliptick, as before; Fig. 4. 


the Center of the Sun; let 9 be the viſible 
ay of the Macon, 5 m its ſhorteſt Diſtance from 4Calcula- 
e dun. Draw from the Sun to the Way of the ton of the 


mich let 
Latitud 


meet wi 

fible Mn, the Right Line s g, equal to the Semidiame- Beginning 

f the CF": of boti: San and Moon: And then, when the 924 End of 
gled at enter of the Moon comes to 9, the Eclipſe will be- the Ecligfe, 


n 10 be viſible, and the two Margins of the Sun 
d Aeon will ſeem to touch one another. In the 


de of t 
Difreren 


nge 5 rgled Triangle 4 S mn, we have the Side 8 g, 
is the a to the Sum of the Semidiameters of the Sun and 
n to In, and S m the neareſt Approach of their Cen- 
d the from whence we can find out the Angle 98 m, 


8 0 , 
is to 0 


e Angle of Incidence, and alſo the Side q m ; and 
ereby we have the Time wherein the Aon de- 


! and ies the Line g mn, and from thence the Time 
hereby en the Beginning of the Eclipſe and the Time 
ne Me e gteateſt Obſcuration, 

ff the AFTER the ſame Method we may find the Time 


% ©2 viſible End of the Eclipſe. But here we 


the M begin again, and compute anew, by the Paral- 

it oi, the villble Way of the Moon from the Sun, 

Time er the Conjunction, which will not be the ſame it 
Fro 


"as before, For the Inclination of the viſible Way 
18 


U 


3 i \ 
154 ASTRONOMICAL, 


Lecture is conſtantly changing, becauſe the Quantity «fi 
XIV. Parallax is in perpetual Flux, as the M M 
— aud falls in Altitude, Seek therefore, abou 
Hour after the Conjunction, the viſible Longith 
the Moon from the Sun, and its viſible Lat 
and from them compute the Inclination of the 1 
Way from the Sun; which being found, þ 
ſame Method we found the Time of the Begin 
of the Eclipſe, we may likewiſe find the Tin: 
its End. 
"ADetermi- Ir the Phaſis of an Eclipſe for any Mom 
nation of Time be required, find for that Time the Pla 
the Phaſis the Moon in her viſible Way; and at that Cm 
for am Mo- and with a Diſtance equal to the Semidiamet 
ment of the Moon, diſcribe a Circle; likewiſe at the (zi 
Time, ter 8, with a Diftance equal to the Semidiax 
of the Sun, deſcribe another Circle; the Int 
tions of theſe two Circles will ſhew the Phu; d 
the Eclipſe, and the Quantity of Obſcuratio, ii 
alſo the Poſition of the Cuſps or Horns. | 
BEFORE we make an End of this Dodtired 
Eclipſes, it will be requiſite to explain one mat 
Appearance, and to ſhew the Reaſon of it. 
In total Eclipſes of the Moon, even when ft 
is near the Center of the Shadow, her Buys 
frequently to be ſeen of a pale and languid Cuba 
which could not be without her being i]lumiua 
with ſome Light; and ſome will wonder inn 
whence ariſes this Light. Some ſuſpected datt 
was the native and proper Light of the dz tet 
ſelf. Others derived it from the Planets and dm 
for the Interpoſition of the Earth intercept d 
the Light of the Sun, and ſeems to bring a tick 
Darkneſs upon the whole Space taken up by it 
conical Shadow, But we muſt confider, that tl 
Earth is ſurrounded with a Sphere of Air of 2 c 
ſiderable Depth and Denfity, which has a ret 
tive Power, whereby it turns the Rays of i 
Sun out of their Way when they fall upon it, ® 
makes them enter the conical Shadow; wid 


therefore will be illuminated by that ſmall Quai! 
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Light which falls obliquely on our Atmo- Lecture 
dere, and imparts to all the Bodies within it a XV. 
nt Light, the which will illuminate the Mon,. 
en when it is in the Midſt of the Shadow, | 
d make it viſible to our Eyes, as the Figure ag XII, 
"WS, | ig. 5. 


LECTURE XV. 


}/ the Phenomena or Appearances ari- 
ng. from the Motions of the Earth, and 


the two inferior Planets Venus and 
Mercury, 


re ITHERTO we have contemplated 
Ws the Motions of the Earth and Moon, 
and have given an Account of many 
Appearances that ariſe from them. 
| The Ar indeed is no primary Pla- 
net, but a ſecondary, which does no 
her ways go round the Sun, the true Center of our 
ſtem, than by accompanying our Earth, to whom 
properly belongs, in her annual Courſe round 
e Sun, 
BUT the chief and primary Planets of our Syſtem, The fx 
hich perform their Circulations round the Sun, primary 
tout regarding any other Body, are in Number Planets. 
„ viz, Mercury ©, Venus 2, the Earth S, Mars 
Jupiter Y, and Saturn h, whoſe Motions and 
ppearances are now to be explained. And, firft, 
have already demonſtrated, that the Orbits of 
us and Mercury include the Sun, and that they 
included within the Orbit of the Earth; 2 
nee 
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Lecture ſince they finiſh their Circulations in leſs Time tha 
XV. the Earth does, it is manifeſt that theſe Planets, ( 
Lond from the Sun, will appear in the Heavens ſometing 
nearer, and ſometimes further from the Earth; uy 
that ſometimes they may from thence appear in tþ 
ſame Point, and ſometimes in oppoſite Points of 8 
Heavens, with the Earth. And becauſe Venn wi 
Mercury are carried faſter about than the Earj,, | 
Spectator in the Sun, after ſeeing either of thei 
Conunttion with the Earth, will ſee it recede fro 
the Earth, which follows with a flower Moti, 
and get by Degrees a good Way to the Eaf? of th 

Sun, : 
As theſe Planets, ſeen from the Sun, change ther 
Poſitions in reſpect to the Earth, ſo likewiſe we, 
ſeeing them from the Earth, obſerve that they chaꝶ 
their Poſitions in reſpe& to the Sun, and are ome 
times nearer, ſometimes further removed from him; 
and ſometimes they appear in Conjunctiůon with th 
Two Caſes dun. But the Conjunctions of theſe Planets ſeen frm 
of Conjunc= the Earth, do not only happen when the Earth an 
F675, they are ſeen together in Conjunction from the Sei 
but alſo when a Spectator in the Sun ſees the Li 
Plate X III. and them in Oppoſition : Even then the Sur ad 
Fig. 1. they, ſeen from the Earth, appear to be in Cajurs 
tion. For let S be the Sun, A BC the Orbit of tht 
Earth, FHV the Orbit of Venus; and let the Emi 
be in T, and Venus in V, in the Line which jos 
the Centers of the Earth and Sun: In this Polit 
Venus, ſeen out of the Sun, is in Conjunction wit 
the Earth, as the Sun from the Earth is ſeen con- 

joined with Venus, | 

Bur if the Earth were in T, and Venus in F, 
Spectator in the Sun will ſee Venus and the Ear l 
Oppoſition, or in "oppoſite Points of the Heavets 
But a Spectator in the Earth will ſee Venus nt! 
Oppoſition to the Sun, but in Conjunction with hi 
In the firſt Caſe of theſe Conjundtions, Venus is * 
tween the Sun and the Earth; in the other the Si 
is ſituated between the Earth and Venus; and Jan 
_s 
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above the Syn The firſt is called the inferi Lecture 


) metime junction, the ſecond the ſuperior. XV. 
th; Arx eicher of theſe two Sorts of Conjunctians Wnrymmnd 
1 in th vs will ſeem daily to remove further from the 

ts of tocichbourhood of the Sun, and will daily ſeem to go 

enn cher off from him; but {till ſhe keeps within cer- 

Earth ſo Bounds, for ſne never comes to be oppoſite to 

them vie n; nor does the even arrive at a Quadrantile 

de n %, which is 90 Degrees; or 2 Sextile Aſpect, 


tich is 60 Degrees diſtant from he Sun. And Ve- 
is ſeen at her greateſt Diſtance from the Sun, 
en the Line which joins her Center with the 
nth, touches the Orb of Venus, as about D. For 
hen this Planet is farther advanced to H, its Place 


y chang the Heavens is ſeen to be nearer to the Sun, than 
re ome. AY was before at D. Now before ſhe came to D, 
»m hin; always receded more and more from the Sun: 
with tend after ſhe has left D, ſhe every Day comes nearer 


den fron the Sur: It is neceſſary, that between the Times 


arth 1nd her Receſs and Approach, ſhe become ftationary oy, R 
the zu <pect to the Sun, and for ſome time appear to gatien of 4 
he Fi) ep the ſame Diſtance from bim; at which Time Planet 

S ue vinble Motion of Venus will be equal to that of Hum the 
Cam Sn. The Arch of a great Circle, intercepted Sun. 

it ct ween Venus and the Sun, is called the Elongation 

he Ford dat Planet from the Sun. 

ich zn BY T here it is to be obſerved, that only in a Cir- The Elon- 


„ which has the Sun for its Center, the greateſt gation is 
ongation happens, when the Right Line which 20 a n 
ns the Earth and Planet touches. For in an El- greatef,, 


| P of;ton 
ion with 


cn con art 3 
ptick Orbit it may be, that the Elongation from n it it 

in F, e may grow {till greater, even after it has left“ © Pg 
Ear u Place where the Line joining the Earth and Pla- K 
the Planet's 


Heavens touches its Orbit: For after that, the true Di- 0 


lit. 


/s not in ne of the Planet from the Sun may increaſe, 
ich hn it the Diſtance of the Sun and Planet from the 
4s is he does not increaſe, but they may rather decreaſe, 
the Ss therefore in two Triangles, the greater Baſe 
nd J ſubtend the greater Angle. But becauſe the Or- 


Us 


ts of the Planets are nearly circular, ſuch ſmall Diffe- 
ices may be here neglected. 
THE 
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THz greateſt Elongation of Venus is found vii" he 
XV. Obſervation to be about 48 Degrees, by which in alſo 
any circular Orbit, we may know the Diſtance of Jy mad 

from the Sun, in reſpe&t of the Earth's Dit” 
from the ſame: For ST is to SD, as the Rady he fe 
to the Sine of the Angle 8 TD, which is the great 
Elongation, peri 

HENCE alſo it is manifeſt, that Venus, from th Tim 
Time of her ſuperior Conjunction, where ſhe oF” (" 
furtheſt from the Earth, to the Time of her inſera e 
Conjunction with the Sun, where ſhe approachy th 
neareſt it, is always ſeen more Eafterly than He 
Sun; and all that Time Venus ſets later than vid” 
Sun, and is ſeen after Sun-ſetting ; and then ſhe peric 
called the Evening-Star or Veſperus, being a For peril 
runner of Night and Darkneſs. But from the in- ples | 
ferior Conjunction, till ſhe comes again to the (une: 10 
rior, ſhe is always obſerved to be to the Meſtuurd o — 
the Sun, and conſequently muſt ſet before him in — 
the Evening, and riſe before him in the Momme: 
and then ſhe is only to be ſeen before Sun-riſng; 6H 
when ſhe is called the Morning-Star or Pho Da 
her Appearance foretelling that Light and Day ar — 
at Hand. 2, { 

Lr us now ſuppoſe Venus and the Earth to be | for 

ſeen out of the Sun in Conjunction, and the one to ch 
be at V, the other in T, in the ſame Point of th: | ef 
Ecliptick : In which Poſition Venus and the Sun are Lan 
ſeen from the Earth likewiſe in Conjun#tion, After . 

this, Venus circulating faſter than the Fartb, bes C 
come again to V, and having finiſhed her Courk Orb 
and by an angular Motion round the Sun, deſcriving 1 til 
four Right Angles, will not have overtaken tie 1 
Earth ; who in the mean Time has proceeded fartie "2 
in her proper Orbit. And therefore Venus muſt ls % 

ſtil} move farther on to come in a Right Line ke. A n 
tween the Sun and the Earth. Let SL M be h 
next Right Line in which Venus is ſeen from tit * 
Sun together with the Earth, ſo that Venus may * 4. 


in L, when the Earth is in M: Now before J. 
nus can overtake the Earth, ſhe muſt not - 
fin 
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q her own Circulation, or four Right Angles, Lecture 


nd | iſo fo much angular Motion more, as the Earth XV. 


h in made in the mean time round the Sun. N - 
f x mt: Motion of Venus and the Earth, performed 
* te fame Time, are reciprocally as the periodical 


es of Venus and the Earth, And therefore, as Je T;me 
periodical Time of the Earth is to the periodi- betaurer 
Time of Venus, ſo is the angular Motion of two Con- 
vw (which is equal to four Right Angles, and junctions 
over to the angular Motion the Earth makes / he. ſams 
the Time of one Conjunfim to the next) to $14: 
angular Motion of the Earth. And therefore 

Diviſion of Proportion, as the Difference between 

periodical Times of the Earth and Venus is to 
periodical Time of Jenus, ſo are four Right 

ples to a fourth Quantity; which ſhews the an- 

ir Motion of the Earth, from the Time of her 

junction with Venus, to the Time of the next 

junZtion of the ſame Kind. Now the periodical 

ne of the Earth is 365 Days and 6 Hours, or 

b Hours, And the Period of Venus conſiſts of 

Days 16 Hours, or 5392 Hours, whoſe Dif- 

ce is 3374 Hours. Say then, As 3374 is to 

a, ſo are four Right Angles, or 360 Degrees, 

fourth Number of Degrees, which is 575 ; 


greateſ 


om the 

he z 
inferi 
roaches 
"an t 
nan the 
n the 1 
a Fore 
the ins 
he ſupe- 
Ward 
him in 
forning, 
riſing ; 


0ſphirus 
Day ar 


th v een Motion is equal to a Circulation and a half, 
: =y | beſides to 35 Degrees; which angular Motion 
** „ Earth makes in the Space of one Year and 218 


is. And therefore, if Venus ſhould be this Day 


. Alte junction with the Sun, in the inferior Part of 


h, bens Orbit, ſhe will not come to the ſame Conjunction 
| oY "WW till after a Year and ſeven Months and twelve 
_ Fs And if one Conjundion be in the Beginning 
1 


Aries, the next will fall out when the Sun is in 
pw, There is the ſame Diſtance of Time be- 
en any two other ſimilar Poſitions of Venus and 
dn. For Example, between two ſuperior Con- 


d farther 
15 mul 


Line be- 


* ＋ tons, or between two ſuch Situations of Venus, 
— re ſhe has a given Elongation from the Sun the 
. J 

efore „ oh 


not on 


THis 
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Lecture THIS Problem and another of the fame Nu 
XV. about the Conjunctiont of the dm and Moon, are oil 
ice ſolved by the Aftronomers ; for they find oy; 
Another Diurnal Motion of Venus ſeen from the Sun, and i 
Va of do- wiſe the Diurnal Angular Motion of the Fart; 
ing the the Difference of theſe Motions is the relative D 
ſame. nal Motion of Venus from the Earth, or the Ou 
tity by which Venus is ſeen to recede from the I. 
every Day, by a Spectator in the Sun. Thu 

middle Motion of the Earth is every Day about 

Minutes and 8 Seconds: Venus's middle Motion j 

Day is 1 Degree 36 Minutes and 8 Seconds, wh 
Difference is 37 Minutes. Say therefore, 4 

Minutes is to to 360 Degrees, or to 21600 Miny 

ſo is one Day to that Space of Time, wherein J 

having left the Earth, has receded from her 4 
Degrees; that is, to the Time in which ſhe n 

to the Earth again, which is the Time between 
Conjunctions of the fame Kind, which will be in 

to conſiſt of 583 Days. 

Bur theſe Conjunctians are here computed 

cording to the Middle Motions of the Planet, | 

poſing them to move always equably, or with t 

ſame Angular Velocity; and they are ther 

called mean Conjunttions, But becauſe Yeu u 

the Earth are really carried in Elliptick Orbitz 

which their Motions are conſtantly variable, fo 

times going faſter, and ſometimes flower ; it n 

be, that the true Conjunctians ſhall happen i 

few Days ſooner or later than the Computait 

we have given; yet having the Time « 

Plate mean Conjunttion, the true Conjunction 1s it 
XIII. thence to be computed after this Manner: ! 
Fig. 2. ABC be the Ecliptick, in which A is the Po 
where the Planets are to be in Conjunction ac 

ing to the mean Motion. For the Time 0 f 
Conjunction, compute by Aftronomical Tabls * 

true Places of the Earth and Venus in the Ed 

tick; and ſuppoſe Yenzs's true Place in the Ie 

tick to be D, and the Earth in T, by which 

ſhall find the Diſtance of the Zarth and, 

f . 


L 
e Na 9 


Are och 
nd out 
and [i 
Larth; 
tive D 
the Ou 


it in fx Hours. 


LECTURES. 
from the Sun: But we have, for that Time, Lecture 
angular Motions of theſe two Planets for any 
n Space of Time; for Example, for fix Houts ; Gennyannd 
j the Difference of theſe two Motions will give 

Acceſs of Venus to the Earth, or her Receſs 

Say then, As this Difference 

Motions is to D T, fo is ſix Hours to the Time 

cen the mean Conjuncdtion and the true; which 

e, added to, or ſubtracted. from, the Time of 

n Conjunttwn, as Venus is to the Eaft 
otion che Earth, ſhews the Time of their true Con- 

fun, | 

r is plain from the InſpeQion of the Figure, Venus con- 
t though Venus does nearly always keep the ſame /{«»/y 
tance from the Sun, yet ſhe is continually chan- Hine her 
g her Diſtance from the Earth; and her Diftance D 
rreateſt when ſhe is feen in ber ſuperior Con- 
om with the Sun; and it is the leaſt when 
is in her inferior Conjundtion : And the Diffe- 
& is ſo great, that it equals the whole Di- 
eter of Venus s Orbit; ſo that the Diſtance of 
u from the Earth, when ſhe is in her ſuperior 
junction, is to her Diſtance from the Earth in 
inferior, as 1 to 6: And therefore Jenus ap- 
aches the Earth ſix times nearer in the one Po- 
jon, than in the other; and juſt ſo much are the 
parent Diameters of Venus changed, as we obſerve 
to be. But theſe greateſt and leaſt Diſtances 
ſomewhat changeable, upon the Account of the 
tical or Excentrick Orbits: For Venus is then 
it remote from the Earth, where the ſuperior 


or A 


is fu nrien happens when Venus and the Earth are 


th in their Aphelions. 


M 


And the Diſtance of Venus 
d the Earth is the leaſt of all, when the inferior 
nunctian falls out when Venus is in her Aphelion 
the Earth in her Peribelion. 
BECAUSE Venus is an opake Globe without any The Phaſes 
nt of her own, and only ſhines with the bor- „ Venus 
wed Light of the Sun, that Face of Venus will only e te 

pear bright, which is turned towards the Sun, of 


while 
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Plate XIII. 
Fig. 3. 


Side turned towards the Earth: And becauſe ſhe 


ASTRONOMICAL 


while the Oppoſite remains in Darkneſs; and f 
want of Light is altogether inviſible, Wherefor, 
the Situation of the Earth be ſuch, that this « 
Side of Venns be turned towards the Earth, Venus wi 
become inviſible, except by chance ſhe appear lip 
a black Spot in the Disk of the Sun: But if u 
whole illuminated Face of Venus be turned n 
wards the Earth, as it is when ſhe is near her f 
perior Confunction, then ſhe appears like a full ſhinin 
Orb; and according to the different Poſitions of 
Earth, Venus and the Sun, Venus will have differs 
Forms, and appear with different Faces and Figur 
and will undergo the fame Changes and Viciſltug 
in her Appearances that the Moon does. 

LIT ABCDEFGH be the Orbit of Vn 
T L a Portion of the Orbit of the Earth, in whi 
the Earth is at T, and let Venus be in A in her f 
perior Conjunction with the Sun; it is manic} | 
this Situation of theſe two Planets, that the Fa 
of Venus, which is illuminated by the Sun, is like 
wiſe turned towards the Earth; and then Va 
will appear to us like a full, lucid Circle, a th 
Mom does at Full: But when ſhe has gone fra 
thence to the Poſition B, ſome Part of her ob 
Hemiſphere will be turned towards the Earth, an 
will loſe ſomething of her Fulneſs, and feem to u 
to be gibboſe. When Venus comes to the Polit 
C, but half her illuminated Side is turned towar 
the Earth, and then ſhe is ſeen like a half Circk 
as the Moon is when ſhe enters in her firſt or 
Quarter. But Venus, when ſhe arrives at the Pd 
tion D, has but a ſmall Part of her illuminat 


nf 
r A 
ck 

light 


of a ſpherical Figure, which to us, becauſe of! 
great Diſtance, appears like a Plane; the illuminate 
Part which we ſee, will appear to end in Points 
Horns, whoſe Direction is always oppoſite to 

Sun. But Venus, when ſhe is in the Poſition E, tl 
is, in her inferior Conjunction with the Sun, 145% 


dark Side totally turned towards the Earts; ® 
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1 ſhe quite diſappears, unleſs ſhe happen to be in Lecture 


„ 


and f * k : 
erefor, . Node, or near it; then ſhe will appear like a XV. 
this eck Spot to paſs over the Body of the Sun, which WWW 
Vu M ichtful Spectacle was never ſeen by mortal Eyes 


tonce; and it was our Countryman Mr. Horrox, 


p lik 

ag 1 p ho alone enjoyed that Pleaſure, Venus will under- 
'rned we fame Phaſes while ſhe paſſes through F, G 
r her ; vz. about F ſhe is horned, in G a half Cir- 


in H gibboſe, and in A again full, 


ill ſhinin | 
7 TuzsE Appearances of Venus, though they are 


ns of 


> differ t to be diſcerned by the naked Eye, yet they are 
d Figur ſinctly and plainly to be perceived with a Tele- 
ici e. Before the Invention of this noble Inſtrument, 


hen Copernicus firſt revived the antient Pythagorean 
em, and propoſed it to the Learned in Aſtronomy, 


of Ven * 
whom he maintained, that the Planets, among 


1nwh 


n her ich he reckoned the Earth, did move round the 
aniſeſt „which was immoveable in the Center; it was 
the P ected to him, that if the Motions of the Planets 
, is ne ſuch as he ſuppoſed them to be, then Venus 
hen Vu ent to undergo the ſame Changes and Phaſes as the 


-, * n does. Copernicus anſwered, that perhaps tie The Pro- 


ne ful nomers in After-ages would find, that Venus does fhecy of 
r obſ; ly undergo all theſe Changes. This Prophecy of Coperni- 
arth, u nicus was firſt fulfilled by that great Italian Phi- Cus. 

em to H epher Galileu, who directing his Teleſcope to T7 he/e 

» Poſtia , obſerved her Appearances to emulate the Moon, Phaſes fir/? 


Copernicus had foretold : And theſe Obſervations ved &y 


] toward 

f Cir furprizingly confirm the old Syſtem revived by Galileus. 
ſt or ; Wernicus, 

the al Ir the Centers of the Sun at 8, Earth at T, and 

uminate e of the inferior Planets at O., be joined with 

uſe ſhe es, they will form the Triangle TS O: And if 

uſe of ough the Center of the Planet there paſs two Planes 

uminate e perpendicular to the Line TO, and the other to 

Points Me Line SO; the one will cut off the Hemiſphere, PlateXIIT, 
e to Mich is turned towards the Earth; the other, that Fig. 4. 
n E, H ich is turned towards the Sun, and by him illu- 


nated, And the exterior Angle of the Triangle 
SO, which is at the Planet, that is, the Angle 
M 2 POS, 


1, has x 
rth; 49 
tn 
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Lecture P OS, will be equal to the Angle m O g, wit 
meaſures n q the Portion of the illuminated Semicy 
ie that is turned towards the Earth. For the 4 
geSOr is a right Angle, and fo is the Ang 
O T, which are therefore equal; but the Angles 
OP and y O are likewife equal, being vertical 
each other; and therefore, taking away Equal; l en 
The Quan- Equals, there will remain the Angle 8 O P, equal t 
tity of L the Angle m O q; which Angle is meaſured by t 
Iuftration. Arch mg. And therefore the Part of the illuſiat 
Semicircle which is towards the Earth, and is to\y 
feen from thence, does always meafure the exter 
Angle SOP of the Triangle S O T. Now th 


XV. 


Venus ap- 


pears not at T with a full Face or Orb, yet ſhe does not appe 


avith her 


greateſt 
Luftre 


avhen ſhe 


ſhines with 


a full Face. 


of Venus is more increaſed by her Diſtance being d 


own verſed Sine upon the Disk, as we ſhewed besen 


feen from the Earth, is to her full and total Ilum 
nation, all other Things remaining the ſame, a t 


ASTRONOMICAL 


Arch, as ſeen from the Earth, is projected into it 


in the Moon. And hence the Illumination of Jn 


verſed Sine of the exterior Angle at Venus is to th 
Diameter of the Circle. tr 
ALTHOUGH Venus in A fhines upon the Fan 


there with her greateſt Brightneſs and Luſtre; fv 
her Splendor is diminiſhed on the Account of het 
greater Diſtance from the Earth; and it is leſſene 
in a greater Proportion than the conſpicuous Part « 
the illuminated Disk is increaſed, For the Luſtre 
Venus decreaſes in the duplicate Proportion of th 
Diſtance increaſed. But the viſible illuminated Pu 
of her Face increaſes only according to the verlſt 
Sine of the Angle SO P; and therefore the great 
Brightneſs of Venus is not when ſhe is in A, but n 
ther when ſhe is about O. For fuppofe Venus at ( 
four Times nearer the Earth, than when ſhe is | 
A; in that Caſe every determined Part of the ill 
minated Disk will give ſixteen times more Light, that 
the ſame Part does at A: But in O it may happen 
that only a fourth Part of the illuminated Disk a 
be ſeen from the Earth; and therefore the Brightnef 


miniſle 
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Lecture LET TAB be a Circle in the Plane of the 
XV. cliptick, L » V N the Orbit of Venus, cutting 
wa ) Plane of the Ecliptick in the Line » N; we m 
Plate XIII. conceive the one half of this Orbit of Venus 1], 
Fig. 5- to be raiſed, or to ſtand above the Plane of the 
tick, and the other half » V NN to fall below & 
Plane; and when Venus is in N or u, ſhe is then 

the Ecliptick : But when ſhe arrives at P, ſhe i; { 


to deviate from it; but in L, the Arch N L 8 8 
a Quadrant ſeen from the Sun, ſhe appears to . 
the furtheſt from the Ecliptick; and this Point ch 
called the Limit, determining her greateſt Excurſyy Wi 
for from thence departing, ſhe again approachs ur 
_ Ecliptick, If from the Place of Venus, as in b in t 
let fall on the Plane of the Ecliptick a Perpend and 
lar PE, and draw SE, the Angle PS E wil nﬀ-""! 
ſure the Diſtance of Yenus from the Ecliptick, wii gre 
The Heli- is called Venus's Heliocentrick Latitude, or ſuch a de 
ocentrick js ſeen from the Sun. Now this Latitude, hari ich 
Latitude. the Place of the Planet in its Orbit, is thus inf Di 
gated: Let the Arch N E be a Portion of te h 
cliptick, NP a Portion of the Planet's Orbit et 
duced to the Heavens: Let P be the Place of el 
N the Node; and let a Circle paſs through the Pl , al 
of the Planet perpendicular to the Ecliptick; t (cr 
Arch P E of this Circle, intercepted between WF” t 
Planet and the Ecliptick, is the Diftance of Ge 
Planet from the Ecliptick, or the Meaſure of h 
Angle PS E. Now in the ſpherical Recai ““ 
Triangle PN E, beſides the Right Angle at H 
have the Side N P, the Diſtance of the Plant i * 
the Node, alſo the Angle N the Inclination of as 
Plane of the Orbit to the Ecliptick ; whercore tan 
Trigonometry we can find out P E, which ö the b 
Heliocentrick Latitude of the Planet. This Hei ina 
trick Latitude, when the Planet comes to the H 
Point of its Or bit, 1s always the ſame and unchand P l 
The Geo- able: But the Geocentrick Latitude, or the Diva Li. 
centrick of the Planet from the Ecliptick, as it is fern f H 
Latitude. the Earth, even though the Planet be in tic 1 ck 


Point of her Orbit, is not conſtantly the fame, 


* 
LH 
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ers according to the Poſition of the Earth, in re- Lecture 
4 to the Planet, For let BT At be the Or- XV, 
of the Earth, n PN, as before, the Orbit of Cyan 
Planet, which ſuppoſe to be at P; from which 

all cn the Plane of the Ecliptick the Perpendi- 

rP E: In whatever Part of her Orbit the Earth PlateXMI, 
this Line PE will always ſubtend the Angle Fig. 6, 
ich meaſures the Geocentrick Latitude of the Pla- 

- Suppoſe therefore the Earth at T, and Venus 


P, where ſhe comes neareſt to the Earth; in 


of the 
utting 

ve m 
us n LI 
the Ech 
elow 
is then 
ſhe is fv 
N L ben 


el ch Poſition Venus is ſeen in her inferior Conjunc- 
7 Xcurſnd with the Sun, and her Geocentrick Latitude is 
oachs ME fured by the Angle PT E. But if Venus ſhould 
sinn the fame Situation P, and the Earth were at 


and from thence Jenus were obſerved in her 


3 
"I perior Conjunction with the Sun, where ſhe is at 
ick, v £<atelt Diſtance from us, her Geocentrical La- 
ſuch ze would be anſwerable to the Angle P z E, 
de, He is much leſs than the Angle PT E; becauſe 
1s fave Diſtance Pet is greater than PT. What we 


e here ſaid of the Latitude of Yenus, is like- 
e true of that of Mercury, and upon the fame 
count, Hence it is plain, that the inferior Pla- 
, all other Things remaining the ſame, have a 
ter Latitude when they are near the Earth, than 
en they are further off, And it may happen, that 
Geocentrical Latitude of Venys may be greater 


of the | 
Orbit pn 
e of Van 
1 the Pl 
ptick; . 
etween 0 
Ice of f 


rave of her Heliocentrick, which will be when ſhe is 
deck cen the Sun and the Earth, and ſhe is nearer 
e at E, us than to the Sun. But Mercury keeping al- 
planet at a greater Diſtance from the Earth, than 
tion of has from the Sun, his Geocentrick Latitude will 
vercfore tantly be leſs than his Heliocentrick, which, when 
ich ö the biggeſt, is about 5 Degrees; for ſo much is the 
is Heli nation of his Orbit to the Plane of the Ecliptick. 


din cE none of the Orbits of the Planets lie in 
Plane of the Ecliptick, but all of them cut it 
Line paſſing through the Sun, no Planet can be 


| unchany 
1e Dit 


« ſeen He twice in the Time of its Period in the E- 

n the "ck, which is when they are in their Nodes; 

- ſame, M 4 at 
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n ſhe would have done, had the Earth ſtood ſtill Lecture 
thout any Motion in its Orbit. But when Venus XV. 

es to C, the Earth has moved on to G; ſo that Cny 
ms is ſeen in the Line G O drawn from the Earth, Venus Di- 


„ or be ich touches her Orbit; in which Poſition her ap- 7c. 
Yegres ent Motion in the Zodiack will be very nearly 
ty in to the apparent Motion of the Sun. From 
Space willi&nce let Venus move on from C to A, and in that 


Com ne the Earth will have come from G to K, and 


s of Mn Venus will be ſeen near her inferior Conjunction 
that Mn the dyn; in which Poſition ſhe will be ob- 
ays, d in the Zodrack, as if ſhe were at P: But be- 
out (ffi: ſhe was ſeen at O; and therefore ſhe will here Venus Re. 


, and ar to have gone backwards in the Zodiack through trograde, 


1s fron Wi Arch OP, or to have moved from the EHI to 
d , contrary to the Order of the Signs. And 


aſe in C ſhe was obſerved to go Eaftwards as 
as the Sun does; but in A ſhe is ſeen to have a 
ck Motion backward : There muſt be ſome Place 


her Orbit between C and A, where ſhe appears 


tick; 4 
of the 


lotion 2 


to the us neither to go forward nor backward, but to 

fotions ec ſtill, and continue in the ſame Place of the Venus 
rved mens: In which Caſe ſhe is ſaid to be Stationary, Stationary, 
the s ſtand ſtill. 
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LET Venus now arrive at E, and the Earth at the 
nt of its Orbit F: Venus will then he feen in the 
nt of the Ecliptick Q, and will appear to have 
ved further backward in the Ecliptick, or to- 
ds the J/oft. But when Venus is ſeen from the 
th in a Line which touches her Orbit, ſhe will 
n ſeem to have a progreſſive Motion, equal to the 
arent Motion of the Sun from Wet to Eaſt : 
d becauſe before, her apparent Motion was back- 
ra, or from Eaſt to Miſt, and now forward the 
trary Way, from Heſt to Eaft, there muſt be 
e Place between the two contrary Motions, where 
will neither appear to go backward nor forward ; 
for ſome Time to ſtand ftill, and keep the ſame 
tion in the Heavens. While the Earth comes 
D, and Venus arrives at C, ſhe will appear in that 
Time 
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Lecture Time to have moved through the Arch Q R v 
XV. Zodiach, and to have a quicker Motion toward 
2 Eaſt. Hence Venus, when ſhe is in her {ws 
Conjunction with the Sun, is always ſeen to mqy 

realy according to the Order of the Signs; but y 

ſhe is in her inferior Conjunction, and betwer 

Earth and the Sun, then ſhe is ſcen to have 2 

ward Motion, and to be carried againſt the () 

of the Signs from Eaft to Meſi. 

The Af- WHATEVER we have demonſtrated concen; 
pearances the Motions of Venus is likewiſe true, and to kt 
of Mer- derſtood of the Motions of Mercury; but the( 
Cury like junction of Mercury with the Sun, his Dir 
77% off Stations, and Retrogradations, are more fry 
Venus, ſs S , AT OY 
+ than in Venus; for Mercury circulating faſte, ; 
in a leſſer Orbit than Venus, does oftener ov 

the Earth than ſhe. Hence it is plain, that the); 

tions of theſe two Planets, ſeen from the Earth, 

very irregular and unequal, ſince they are ſoncn 

ſeen to have a Motion forward; ſometimes they; 

pear immoveable or ſtationary ; after this they clan 

their Courſe, and move backward ; and after ſud 
Regreſſion they again take up their Stations, a 

keep for ſome time the ſame Place in the Zu 

Whereas a Spectator in the Sun will always oi 

theſe Planets to go forward with a Motion ra, 

after a certain Rate: For the apparent Incquilty 

theſe Motions, ſeen from the Earth, is ſuch a 

actly anſwers to a regular Motion round the 9. 

And therefore it is manifeſt, that the Sun, and" 

the Earth, is the Center of theſe Planets Motions 

The Orbis WE ſhewed before, that the Orbit of the a 
of Mer- was not a Circle, but an Ellipſe; the ſame It 
cury and is true of the Orbits of Venus and Mercury, ui 
Venus EL all the other Planets, which are really Ellipſes, ® 
liptical. not Circles, that have one common Focus in vi 
the Sun reſides, about whom the Planets pes 

their Circulations with Motions, which thoug) 

perfectly equable, yet they are all regulated by 4 

tain, unchangeable and conſtant Law, which 5 
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em tranſgreſs; for every Planet moves in the Lecture 
ter of his own Ellipſe, ſo that the Line or XVI. 
aſſing from its Center to the Center of the Sun, 
always deſcribe or ſweep an Elliptick Space or 
proportional to the Time ; or, which 1s the 
Thing, in equal Time it ſweeps an equal Area, 

e the Planets muſt move more ſlowly in their 
ia, and quicker in their Perihelia And theſe 
a are not like the Apogeon of the Moon ; but they 
ither at Reſt without Motion, or, if they have 
it is ſo low, that it is not eaſily perceived in the 
> of a Man's Age. And here it is to be ob- 
, that of all the Planets, Mercury has the moſt 

Entrick Orbit; for therein the Excentricity is to 
nean Diſtance as 2051 to 10000, 


LECTURE II. 


the Motions of the three ſuperior Pla- 
Pets, Mars, Jupiter and Saturn, and the 
ppearances ariſing from them. 


E have now dwelt long enough on Theſe /«- 
the Explications of the Motions of perior Pla- 
the two inferior Planets ; let us nextnets may 
contemplate the Superiors. For which 2ave any 
mt Purpoſe let AB CT be the Orbit n 
of the Earth, and let Saturn, Fupiter Heck in 
Mars, turn round the Sun in different Orbits „ 4＋ 44 
; og e Sun. 
eir proper Diſtances, and perform their Circula- plate 
each in its proper Period; and let PQ V be XIV. 
tion of the Zodiac in which theſe Planets are ig. 1. 
ryed to perform their Motions : Fir/t, It is plain 

all theſe Planets, ſeen from the Sun, may be 
obſerved 
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obſerved either in Conjunction with the Earth, 9 
Oppoſitim to it. Thus Saturn may be in h, y 
the Earth is in My in the Line which join; | 
Centers of the Sun and Saturn; in which Ci 
Earth and Saturn from the Sun are ſeen in Cn 
tion: But the Earth may likewiſe be in the 
Right Line produced the contrary Way, 23 in 
where from the Sun theſe two N will bet 
in Oppoſition to each other. But in this Skuay 
the Sun ſeen from the Earth, will appear to * 
Conjunction with Saturn, Secondly, It is evident, f 
theſe Planets, ſeen from the Earth, may hav 4 
Aſpect, or obtain any Poſition in reſpect to the 
and may have any deſired Elongation from H 
which cannot be in the inferior Planets, who ar 
ways confined to the Neighbourhood of the h 
For from the Earth T, there may be drawn ali 
TP, which will cut all the Orbits of the fupri 
Planets, and may make, with T8 the Line wii 
joins the Sun and Earth, any Angle required, 
STP. And therefore, when the Earth is in! 


Saturn may be in F, whoſe Elongation from tie . Bu 
will then be the Angle STF. Moreover, wheat * 
Earth and any ſuperior Planet are ſeen from t han 
Sun in Conjunction together, that Planet, obſer * 
from the Earth, will appear in Oppoſition to the 1 2 
and an Inhabitant of our terraqueous Globe will 4 R 


the Sun and it, in oppoſite Parts of the Heavens 

LET now any ſuperior Planet, as for Exany 
Saturn, be ſeen from the Sun in Conjunttion with tl 
Earth : After Conjunction the Earth having a que 
angular Motion than Saturn, an Tnhabitant or 9 
tator in the Sun will ſee the Earth daily to re 
more and more from Saturn. And becauſe the I 
according to its mean Motion, does every Day 
ſcribe an Arch of the Ecliptick of 59 Minutes 5x 


conds, and Saturn moves only 2 Minutes in 20! wp 

the Earth will appear from the Sun, to recede ei = 

Day from Saturn the Space of an Arch of 5 N oh x 

nutes 8 Seconds, If we ſay then, As 57 * led, 
col 
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nds is to 360 Degrees, or to 21600 Minutes, Lecture 
one Day to a fourth Quantity; we ſhall have XVI. 
Number of Days in which the Earth will be 
obſerved from the Sun, to be in Conjunction 

Saturn, which is 378 Days. But when the 

hand Saturn are ſeen from the Sun in Conjunc- 


Th the Sun and Saturn from the Earth appear in 
* ion. And therefore the Time between two 
10 b tions of the Sun and Saturn, immediately fol- 
en. I one another, computed according to their 
be Motions, is 378 Days, or 1 Year and 13 
the . And there is the ſame Time between two 


Mints of Saturn and the Sun ſeen from the 


: 3 „ or between any two ſimilar Aſpects or Elon- 
ie n from the Sun. And the Time between the 


ien and Conjunction of Saturn with the Sun, is 
alf of this Time, or 189 Days. 

the ſame Method we ſhall find, that the Time 
ten two Conjunctions or Oppoſitions of Jupiter 
he Fun conſiſts of 398 Days, or a Year and 33 
, But Mars, after an Oppoſition, does not again 
into the fame Situation, till after two Years 
50 Days. | 

HEN the Planets are in Oppoſition to the Sun, 
nſe when the Syn ſets, and ſet when he riſes ; 
hen, after their Departure from the Oppoſition to 
un, they remain to the Zaſtiward of the Sun; 
ter Sun-ſet they are to be ſeen in the Evening, 


come in Conjunction with him, when they 
a quick nd riſe together. Afterwards, as they recede 
or ih the Fun, they become more Meſterly than he, 
to rale then only to be ſeen in the Morning before 
he an up; for in the Evening they ſet before 
„Da > till they at laſt come to be oppoſite to the 


ten again they riſe at Sun: ſet. 


in the inferior Planets, ſo the ſuperior have The Planes 

cede eve heir Orbits in the Plane of the Ecliptick ; for of their 
f 57 K anes of all their Orbits cut the Plane of the Orbits are 
Minute ck in Lines which paſs through the Sun, which incined to 
Seeed, the Lines of the Planets Nodes And the 77 Felip- 


Points“ 
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Lecture Points where theſe Lines meet with the Ech 
XVI. are called the Nodes. And therefore, the ſuperig 
3 nets are never preciſcly in the Ecliptick, but 
they are in the Nodes: In all the other Pojn 

their Orbits they are further or nearer to the f 

tick, according to their Diſtance from the ) 

and their Diſtances are greateſt, when they an 
equal Diſtances from both Nodes; which Point 
called the Limits, where the greateſt Heliocentrii 
titudes, which meaſure the Inclinations of the 


bits to the Ecliptick, are as follow: Saturns gu 


lars a 
cable 
ude 1s 
m of 1 
Cajun 


Heliocentrict Latitude is 2 Degrees 30 Minu is all 
Fupiter's is 1 Degree 20 Minutes; and that of in be 
is 1 Degrce 52 Minutes, infer 
The Helio HaviNG the Place of a Planet in its Ori, be all 


centrick which is the ſame Thing, its Diſtance from 
and Geo- Node, by the ſame Method we find out its Hi 
centrick trick Latitude, as we did in the inferior Planet. 
Latitudes. cury and Venus. But the Geocentrick Latitude 


the Diſtances of the Planets from the Eclita N Ligh 
they are ſeen from the Earth, depend much or $a; 
the Poſition and Diſtance of the Earth. Fot Body. 
the Hleliocentrict Latitude continues the fan, N tow 
according to the various Poſitions the Ea; wh 
have, the viſible Latitude of a Planet (en! 


thence will be various, For let T & t be tle 
bit of the Earth; and the Orbit of any ſup 
Plate Planet, as for Example, that of Mars, uy! 


XIV. be & M, whoſe Plane is inclined to the E ben i 
Fig. 2. and cuts it in the Line of Medes n N. Let rh p. 
be in & and the Earth in T, fo as Mar: Wl is ſup 
obſerved in Oppoſition to the Sun; and from R, t. 
fall on the Plane of the Ecliptick the PerpenuQ@e turn 
& E; this Line will ſubtend the Angle wi rot ap 
ſures the Geocentrick Latitude. And theretore, ſs defic 
the Earth is in T, the viſible Latitude is a Con, 
by the Angle & TE. But if the Earth v¹ Figur 
ſo that Mars was ſeen in Conjunction with de N tow: 
its viſible Latitude will be the Arch which ngen 


the Angle & E, which is much leſs tw 


[ 


ö 
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"cl: T E, and is nearly leſs in the ſame Pro- Lecture 
rior n as the Diſtance T & is leſs than the Diftance XVI. 
ut 1 When the Earth is in T, the Gcocentrict La 
Poing of Mars is greater than its Heltocentric& ; but 
he E. it is in t, the Helicentrick is greater than the 
e Ny trick ; and according to the various Poſitions 
s and the Earth, kis viſible Latitude will be 
ons Mecable ; ſo that all other Things being alike, the 
de is greater, the nearer he comes to the Op- 
the WW: of the Sun; and the leſs, as he approaches 
''s re iunction with the ſame. 
Mau is alſo evident, that none of the ſuperior Pla- 
it of Min be ſeen from the Earth in the Sun's Disk, 
inferior Mercury and Venus are; but yet they 
Orbi, be all of them covered by the Sun, and lie be- 
fron WW him, when they come in Cenjunction with him, 
s Ha ee near their Nodes. 
ancts cer the Faces of all the Planets which are turned Jupiter 
ties the Sun, ſhine only with a reflected and bor- and Saturn 
ta Lieht; and becauſe the Earth, ſeen from Ju- have al- 
nuch or Saturn, is always to be obſerved near the wa © 
For ui Body, the Faces of theſe Planets which are“ ound full 
ſame, ed towards the Sun, will alſo be towards the Face. 
E art) WW ; whence the Inhabitants of our Globe do al- 
{ce e bchold theſe Planets ſhining in full Orbs or 
be tit es. But Mars having an Orbit which lies very 
ny de Earth, its Face, which is towards the Sun, 
(up0not always be totally turned towards the Earth; 
> Lan hen in his Quadrature, or when there is about Mars 12 
Let "th Part of the Ecliptick between the Sun and 51e Qua- 
art as ſuppoſe the Earth in M or B, and Mars in drature, 
from R, then ſome Part of the illuminated Face gibbo/e. 
erpenaqhe turned from the Earth; and therefore Mars Plate 
Which rot appear in a complete Circle, but will be XIV. 
fore, iſs deficient or gibboſe; but when he comes to Fig. 1. 
is mg Conjunction or Oppoſition, he then re- aſſumes his 
th wi Figure, his illuminated Face being totally 
th te towards the Earth; and particularly, when, 
4 * ſeſition to the Sun, he looks brighteſt and big- 
8 than 


| For 
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Lecture For all the ſuperior Planets appear much! 

XVI. when they are in Oppoſition to the Sun, tha 

= they are in Conjunct ion, being much nearer; 

in Oppo- Earth in the one Poſition than in the other; 

fition the much that the Difference of their Diſtance 

= two Poſitions, is as great as the Diameter 

bizeeft Orb in which the Earth goes round the Sin; 

Difference bears a conſiderable Proportion 

Diſtance of Mars from the Sun, and great 

it does to the Diſtances of the other Plan: 

therefore will produce a great Difference in ji 

parent Magnitude : For Mars is five times ne 

us when he is in Oppoſition, than when he in 

junction with the Sun. And therefore, ſince n 

ſible Disk and Luſtre of a Planet increaſes |; 

plicate Proportion of that wherein the Dit 

diminiſhed, Mars will appear 25 times biz 

brighter when he is in Oypoſition, than when ki 
Conjunttion with the Sun. 

The appa- BECAUSE Jupiter is five times further d 

rent Dia- Sun than the Earth is, the apparent Diameter 

meter of Sun ſeen from Jupiter will be five times lebt 

the Sun is ſeen from the Earth, and will be no big 

een from 6 Minutes, which to us is 30 Minutes, An 

. Disk of the Sun will appear 25 times leſs to li 

3 habitants of Jupiter, than it does to us, wiv 

likewiſe receive but the 25th Part of the Ly! 

Heat from him that we enjoy. But Saturn bi 

times further from the Sun than we, the 2! 

Diameter of the Sun ſeen from him, will be u. 

ger than 3 Minutes, and will be but little mor! 

twice the Diameter of Venus, when ſhe apy! 

Their De- neareſt to the Earth And therefore the l 

grees of the Sum, as it would appear to a Saturnian 

eat c mer, will be a hundred times leſs than we " 

pared with and both its Light and Heat are there dime 


our Hear ; ; 

avbich abe the fame Proportion; and therefore the 
ö l i 1 quat) a 

receive Regions in Saturn, even under his Aq F 


from the much colder than our Frigid Zones, 
Sun. 
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1 the ſuperior Planets obſerved from the Sun, Lecture 
W-opcar to move regularly the ſame Way, and XVI. 
weed in their Orbits, according to the fame === 
. which is the equable Deſcription or ſweeping The Mo. 
liptick Area's round the Sun; by which Means * of the . 
angular Motions round the Sun will appear ſome- * * 
unequal: For in their Aphelia, they proceed Ga: 
lowly; in coming to their Perihelia, they acce- y fer- 
their Motions. But theſe Planets, obſerved 7a 
the Earth, have very different Appearances, and But from 
lar Motions in the Zoadiack. Sometimes they he Earth 
to move forward from Neſt to Eaſt, accord- thy are 
> their real Motions ; then they by Degrees er ved to 
their Pace, till at laſt they loſe all their Mo- be very ir- 
and ſeem to ſtand ſtill. After ſome ſmall Time lr. 
ee again ſet a moving, but ſeem to take a con- 
W Courſe to what they had before; and go back- 
directly in Oppoſition to their real and true 
W's. And thus having for ſome Way gone 
Ward, or from Eaſt to Neſt, they come again 
immoveable and ſtationary. Theſe great 
Wes of their Courſes and Motions are not real 
WW Planets, but are occaſioned by the Motion 

oſition of the Earth, from whence the A/tro- 
obſerves them, | 
Q o be a Portion of the Zodiach, Plate XV. 
D the Orbit of the Earth, EM GH Z Fig. 1. 
bit of a ſuperior Planet : For Example, of 
and ſuppoſe the Earth in A, and Saturn in 

which Poſition he will appear in the Zo- 
at the Point O. If Saturn remained there 
t any Motion of his own, when the Earth 
to B, he would be ſeen in the Point of the 
L, and would appear to have deſcribed the 
of the Zodiack O L, and to have moved ac- 
W to the Order of the Signs, from J/2/ to 
. But becauſe in the mean Time, while 
> is paſſing from A to B, Saturn does like- 
dove in his own Orbit from E to M, where he 
in Conjunction with the Sun, he will appear 
e deſcribed the Arch of the Zodiack O Q, 
N which 
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en 

* to a Fourth, which will be 4 8, the Diſtance of Lecture 
_ irs from the Sun. This annual Parallax, by which XVI. 
hed Planets ſeem ſometimes to move faſter, ſometimes -r... 


yer, in the Heavens, ſometimes to go Eaſtroard, 
| ſometimes Yetward, produces in their Motions 
Inequality z which, by the Afronomers, is called 
ir ſecond or optical Inequality, to diſtinguiſh it Their ſe- 


45 their firſt Inequality, which the Planets really cond or op- 
he: „ by which they move in their Orbits with Mo- tical Bre- 
* ps that are not always the ſame. In the Op- ua lic. 
* 5 or Confunctions of theſe Planets with the Sun, 

ad 0 $ ſecond Inequality or Parallax vaniſhes ; and their 


vcentrick Places and the Helincentrick coincide ; or 
Water in the Sun, and another in the Earth, 


ors duld obſerve the Planet in the ſame Point of the 
| yens, 

7 HE Angles A & 8, A M 8, A h 8, are nearly 

* greateſt Elongations of the Earth from the Sun, if 


were obſerved from the reſpective Planets, when 

Line N & A touches the Earth's Orb in A. In 

rs the Angle A & S is about 42 Degrees; and 

Wrcfore the Earth, ſeen from Mars, never goes fo 

from the Sun as we ſee Venus does, In Jupiter 

greateſt Elongation of the Earth from the Sun 

ll be obſerved to be but 11 Degrees, and therefore 

not ſo much as half the Diſtance we obſerve Mer- 

to depart from the Sun. In Saturn, the Angle 

h 8, or the greateſt Elongation of the Earth from 

un that can be ſeen from that Planet, is but 6 

rees, and not much above a fourth Part of the 

ateſt Elongation we obſerve in Mercury. And 

ce Mercury is but ſeldom ſeen by us, a Sight of 

Earth from Saturn may be a rare and unuſual 

Ctacle : Perhaps the Saturnian Aſtronomers have not 

diſcovered, that there is ſuch a Body as our 

th in the Univerſe, 

EACH of the two outmoſt of the Planets have a The Atten- 
Company of Attendants; for Jupiter keeps no dants or 
er than four conſtantly by him, and Saturn five Satellits of | 
his Retinue, which is a Sight no leſs wonderful Jupiter and * 
n delightful. Theſe Satellits, like our Mon, do Saturn. 
N 3 always 


kewk 
hok d 
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n an 
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cuits round the Sun; and in the mean Time they e 
form their proper Circulations about their Primat 


and therefore they will have the ſame Phaſe; u = 
Figures that our Moon ſhews us: When they ani en 9 
Oppoſition to the Sun, they appear to Saturn and} na 
piter bright and full; from thence receding, the aft 
ſume a gibbous Shape. When they come to a ui" 
drantile Aſpect, they look like Half-Moons ; bing +; 
the Conjunction they ſhew themfelves in horned | 4 Or 


Plate XV. 
Fig. 3. 


ures ; and when they come to be joined in the {ax 
Line with the Sun, they totally diſappear. 


THESE Satellits, ſeen from the Earth, thoughty a 
go, at the furtheſt, but a little Way from their f p p 
maries, yet ſometimes they approach them e * 


and ſometimes remove a little further from th 
Let A B T be the Orbit of the Earth, in the! 
dle of which the dun reſides. Let E F be a Pom 
of the Orb of Jupiter; in which let Jupiter bei 
I, who keeps in the Middle of the Orbits dh 
four Attendants, Theſe Satellits or Moons, wi 
they deſcribe the inferior Parts of their Orbits LM\ 
ſeen from the Earth or Sun, will appear to har! 
Motion Meſtward; but while they are moving ti 
the ſuperior Portions & H K, we obſerve them ij 
move Eaſtiuard, according to their true Mou 
Now when their viſible Motions is Ea/tward, the 


de Out! 
its ( 


are twice hid from us; once in O behind the bo [ : * 
of Jupiter, that is, in the right Line which jl weſul 
the Centers of the Earth and Jupiter; and wi ſo the 


they vaniſh and become inviſible, when they fall! 
to the Shadow of Jupiter, or are in the right In 
which joins the Centers of the Sun and Jufil! 
and then they ſuffer Eclipſes, which is always wit 
they are at their Full, as ſeen from Jupiter: Tel 
Eclipſes happening in the ſame Manner as they 
to our Moon, by the Interpoſition of the Ear!) 
tween the Sun and it. | | 
WHEN Jupiter is to the Eaſt of the Sun, ® 
is ſeen in the Evening after Sun- ſetting ; that! 
when the Earth is in A, they are firſt * 
| api 
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g the Shadow. But when Jupiter is more Weſ- 
than the Sun, as he appears after Conjunction, 
n he is only ſeen in the Morning; that is, when 
Earth is about B, then they fall into Jupiter's 
low at V, and are eclipſed, before they are hid 
ind his Body in P. But when theſe Moons have 
etrograde Motion, that is, when they are ſeen 
go Weſtward, and deſcribe the inferior Parts of 
ir Orbits, then they only once diſappear in Q, 
en they cannot be diſtinguiſhed from the Body of 
piter : But when the Satellits, ſeen from the | fag 
in their inferior Conjunction with Jupillr, or as 
n from Jupiter, they are in Conjunction with the 
„their Shadows will fall upon Jupiter, and ſome 
rt of the Disk of Jupiter will be in an Eclipſe, 
d a Speftator within the Shadow would obſerve a 
tal Eclipſe of the Sun. We have already given the 
ſtances and Periods of all the Jovial and Saturnian 
ns, at the End of our third Lecture. 


POR be the Orbit of any Satellit; for Example 
its Orbit A, the Time muſt be obſerved when 


Satellit is in O, or in the Line which paſſes 
rough the Centers of the Earth and Jupiter. After 
e ſame Manner obſerve when the Satellit is in the 
idle of an Eclipſe, or in the middle of FJupiter's 
adow, that is, when it is in V; by this Means 
Fe ſhall have the Time it takes to deſcribe the Arch 
OV. And becauſe his Motion about Fupiter is 
N 4 equable, 


183 


, becauſe of their viſible Conjun&iom with Lecture 
iter, before they fall into his Shadow; and their XVI. 
nd diſappearing is in the Eclipſe, upon their en- 


By the Motions and Eclipſes of theſe Moons, the The Paral- 
crallax of the annual Orb in Jupiter, and his Di- lax 2 the 


ance from the Sun, may be eaſily known, For, 83 


te outermoſt; and ſuppoſe the Earth in the P vine gow oe 


de Satellit lies hid behind Jupiter's Body in O 2 
or which Purpoſe the Moment of Time muſt be Sun, deter- 
arefully mark'd when he firſt diſappears, and then ned by 
lo the Moment he becomes again viſible ; the mid- the E- 

le Moment between - theſe two, is the Time when c/ip/es. 
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Lecture equable, and his periodicat Time known, ye « 


Pon if 
| XVI. from thence find out the Arch OV; for this Pl oh 


n the 


Ways revolves about Jupiter in 402 Hours. Let ug f Jupi 
poſe the Time he takes to move from O qy; joſe of 
12 Hours; ſay, As 402 Hours are to 12 Hour, would 
are 360 Degrees to a fourth Quantity, which yill nce t 
found to be 10 Degrees 44 Minutes. And tber „ Li 
the Arch OV is 10 Degrees 44 Minutes. Bu c ugh al 
Arch OV is the Meaſure of the Angle O 1 V, ſo mi 
of the Angle which is equal to it A X S; and e for 
Arch which meaſures this Angle is the Paraln s thr 
the annual Orb, which therefore is known. HHπ ore 
Triangle therefore A M S we have the Angle at! than 
and alſq; the Angle at A the Elongation of eq 
from the” Sun, which may be had either by a (! ſoone 
culation from Aſtronomical Tables, or by O.π¹ tor c 
vation, Beſides, we have the Side A 8, the ee of 
ſtance of the Earth from the Sun, which we aſune the 


to conſiſt of T00000 Parts. Since therefore in thi 
Triangle we have all the Angles and one Jie, 
Trigonometry we ſhall find the other Sides, and u. 
ticularly 8 M the Diſtance of Jupiter from the du; 
ſo likewiſe we may find A Y. the Diſtance of ft 
piter from the Earth, which is always variable, But 
for the nice Determinations of theſe Diſtance, i 
may be needful to have ſeveral, and thofe very x: 
curate Obſervations, made by the Skilful, and take 
by the Help of the beſt Telefcopes. 
Whether By the Eclipſes of Fupiter's Moons we are abs 
Light be to give a Solution of a Problem, which 1s te 
propagated moſt noble and curious in natural Philoſophy, 
in an In- which cannot but raiſe our Wonder and Ame 
fant, n ment; that is, Whether Light be propagated to u 
Time : in an Inſtant; or if its Motion be ſucceffive, ant 
if it takes ſome Time to arrive from the Sun, « 
any diſtant Object, to us? Now theſe Eclipſcs © 
ſhew us, that there is no inſtantaneous Motion i 
Light, though it comes from the Heavens to u 
with a prodigious quick Motion, and incredv\ 
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ok if the Motion of Light were in an Inſtant, Lecture 
n the Earth is at T, at his greateſt Diſtance XVI. 
Jupiter, an Aſtronomer here would obſerve an Wynne 
ipſe of a Satellit at the ſame Moment of Time 
would do, were the Earth at X at her neareſt This Que- 
nce to Jupiter: For, according to this Hypo- ftion deter- 
„ Light is propagated in the ſame Diſtance mined by 
ugh all Spaces indefinitely, whether near, or ne- the Olfer- 
ſo much remote, But if Light takes up any rag x of 
e for its Propagation through Space, it will ſoon- *7* E clipfes 
as through a ſhorter Space than a greater, And Y JuP oy 
fore an Obſervator at X, being nearer to Ju- Moons. 
than one at T, by the Diſtance X T, which is 

t equal to the Diameter of the Earth's Orbit, 
ſooner obſerve the Eclipſe of a Satellit, than a 

tor can do at T. And therefore from the Dif- 

ce of thoſe Times, which is proportional to 

the Difference of Diſtances, we can collect 

elocity of Light; and ſo this Matter is in 

ty, For whenever the Earth is at its neareſt 

ice from Jupiter, the Eclipſes are found to 

m ſooner than they do when they are obſerved 

T at a greater Diſtance, where they fall out 

later than they ought to be, according to 

ſtronomical Computations, Theſe quicker and 

r Returns of Eclipſes having been obſerved for 

Years by Mr. Romer with much Care and Di- 

e, upon them he founded this Argument for 

ntrating the ſucceſſive Propagation of Light; 

dy them he proved, That Light, like all other 

in Motion, had a determined Degree of Ve- 

and took a determined Time to move thro? 

n Space. To which Opinion the moſt Part of 

ironomers and Philsſephers do now give their 

1 


IE Particles therefore of Light, though their 
eneſs be indefinite, and not eaſily to be ima- 
yet they have a progreflive Rectilinear Mo- 
and are not diffuſed as by the Waves of any 
m or Fluid. Romer determines the Velocity 
ut to be ſuch, that it reaches us here from 2 
| | un 
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Lecture Sun in the Space of a 11 Minutes: But that D- 
XVI. does not ſeem to be leſs than 50000000 E 
2 which Space Light paſſes thro' in fo ſmall 21 
that ſo prodigious a Velocity cannot eaſily |» WF the 

ceived by us, which ſo much exceeds the V4 are 

of the ſwifteſt Bodies we knowy. For thoꝶ e /; 

Earth has a very quick Motion round the th. 

its Velocity, compared with the Velocity e,! 

is no more than that of a Snail, in Compact erid 

the Swiftneſs of the Earth. the 

The Longi- FRou the Eclipſes of Jupiter's Moms w A M 
tude of likewiſe this Advantage, that when they are nutes 
Places de- in different Places of the Earth, the Longitu lid-c 
termined by places are by ſuch Obſervations determinel, py, t. 
5e Offer- that this Method of finding the Longitude be <4: 
hoe F. che more eaſily underſtood, we muſt firſt nd t 
elipſes, ſome few Principles. kon' 
Ir through the Poles of the Earth and am! if t 

there be drawn a great Cirele upon its Surf them 

Circle, by the Rotation of the Earth, will be u the 

round the Earth's Axis : And when the Pe hic 

Circle produced, paſſes thro* the Body of the for 1 

all the Inhabitants which live under this Circ: ifferet 

then obſerve the Sun to come into their Mer betu 


and they will have Mid-day ; from whence uff » 
cle has the Name of a Meridian, from the ans, 
Word Meridies, which ſignifies Mid-day, Med ar 
we imagine another Meridian placed more H ridi. 
ly, which, with the former, makes an Am the | 
Degrees, the Plane of this Meridian will pa Het ſhe 


the Sun one Hour later than the former di; tes of 
therefore, when the Inhabitants under this H, if 
reckon Mid- day, the Inhabitants under the ent a 
reckon one Hour after Mid-day. If there es that 
ridian which makes an Angle of 30 Deg 
the firſt we mentioned; then, when they da 
under this Meridian have Mid-day, thoſe du 
under the firſt, will reckon two of the Clock 
Mid-day ; and ſo for every 15 Degres © 
Acquator which lies between the two Mervalitheref 
many Hours more do they reckon, who 1 WW Deere 
g 2 
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00 M 
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ern. And after the ſame Manner for every De- 


are four Minutes ſooner in their Reckoning 
he Weſtern; and for every 15 Minutes of a 
they reckon one Minute in Time. As for 
le, If the Arch of the Æquator between the 
eridians confiſt of 85 Degrees, dividing 85 
the Quotient 5 1j ſhews, that under the more 


Meridian they reckon the fifth Hour and 
re di utes, when they under the Veſtern Meridian 
neituſ lid-day; and when the Eaſtern People have 
ined, wy, thoſe to the Meſt will reckon their Time 


he ſixth Hour and 20 Minutes in the Morn- 
Ind the Difference between the Hours which 
kon'd under theſe two Meridians, will always 
if the Arch of the Equator intercepted be- 
them be 85 Degrees. 

the contrary, having the Difference of the 
which are reckon'd under two different Me- 


de na 
lay 


any N 
urſce 
| det 
lane d 


f te for the ſame Moment of Time, we ſhall by 
Circle itference find the Arch of the Æquator inter- 
- Mer between them ; which Arch is called the 
r this e of Longitude of the Places under thoſe 
the ans, when the Longitudes are computed from 
„ Ne xed and ſettled Meridian, which is called the 


Niridian: And this Arch is found by multi- 
| the Difference of the Hours by 15, and the 
{ct ſhews the Degrees. So likewiſe, if the 
es of Time be multiplied by 15, and the 
ct, if it exceed 60, be divided by 60, the 
ent and Reſidue will give the Degrees and 


re be 1 cs that are further to be added to the former, 
egrees dich make up the Difference of Longitude 
y Ca aces, For Example, Suppoſe the Difference 
ſe He Hours to be 7 and 22 Minutes; 7 multi- 


dy 15 is 105, and 22 by 15 is 330 Minutes 
divided by 60, gives 5 Degrees 30 Minutes: 
therefore the whole Difference of Longitude is 


Degrees 30 Minutes, Theſe Things being 


Ir 
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Eaſtern Meridian, than they who live under Lecture 


XVI. 


the Æquator between Meridians, the Eater 
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Lecture Ir in two different Places the Beginniny 

XVI. Eclipſe of any of Fupiter's Moons be obſery; 

the Times marked when this Beginning h 

according to the Times of the reſpective Ply 

Difference of Hours, converted into Dex 

Minutes of the Æquator, will ſhew the Dif: 
Longitude of thoſe Places. | 

Ir we had Ephemerides of the Motions x 

clipſes of Fupiter's Moon, accurately compi 

any Meridian; inſtead of an Obſervation inn 

Place, we might conſult the Ephemerides, wii 

when the Eclipſe is to be obſerved in tha} 

and we might take from them the Hours a; 

nutes when the Eclipſe happens in that Pl; 

this Time, compared with the Time the [ii 

obſerved in any other Place, will give the Di 

of Times in thoſe two Places: And from th 

can find out the Difference of their Longituds 

fore. The Longitude of Places may liber 

found by Obſervations of Eclipſes of the Jn 

the Appulſes of the Moon to the fixed Stars, dt 

from ſeveral Places: But theſe are Appearans 

are more ſeldom to be obſerved, than are thet: 

of the Satellits of Fupiter. 

Len Land Upon Land and firm Ground the Edit 

the Eclipſis eaſily obſerved ; and if they could be as eli 

are eafily ſerved at Sea, the Art of Navigation wal 

o&Jerved, brought almoſt to Perfection, and liable to n 

and the rors in Computation; but at Sea the Motion 

ar Toflings of the Ship render al! Obſervations 

2 4 1 ” Eclipſes impracticable. And therefore, if 20 

% tt Oe, find a Method for determining the Longituc 

Ship at Sea at any Time, he would then obig, 

Scamen with a Diſcovery, by them more © 

than any thing elſe in Navigation; and which 

be ſo uſeful to the Publick, that the Parliament 

thought fit to allow a large Reward dt 

Pounds to the Diſcoverer, Upon which ® 

tempted by ſo great a Reward, have ſpent mi 

bour and Thought, to make the Diſcovery, “ 

no Purpoſe ; For no Man has hitherto been 
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on the Reward, though they have propoſed Lecture 
ferent Methods and Ways of attaining it. XVII. 

ing much in love with their own Inven- Coy—nud 
agining that they had certainly found it, 

anded the Reward promiſed to the Diſco- 

t yet moſt of theſe Men have been ſo 1g- 

hat they have ſcarce known what it is to 


ongitude. 
CC A . = FI * S J 8 N 7 
FSE we IS FH 


Ir cru RE XVII. 
RW COMET 5. 


Y 
2 


are always in our Neighbourhood, and 28% f 


Es ID Es the ordinary Planets, which Comets are 
8 
Planets. 


8 within our View, there are another 
ort of Planets, which may be called 

WS] Temporary 3; which are conſpicuous 

only for a Seaſon, after which they a- 

na, and are no longer viſible, The an- 

pſophers allowed them a Place in the hea- 

ons, and ranked them in Stations far above 

For Ariſtotle, Seneca, Plutarch and others The Philo- 

hat the Pythagoreans, and the whole [talian ſopÞers O- 

tained that a Comet was a Kind of Planet P79 of 

ng Star, which appeared again after a long 41 

Time. Hippocrates Chius was of the 

nion, as Ariftotle informs us: The ſame 

Vpinion of Democritus, as we are told b 

us Natural Quęſtions, Book VII. Chap. 3. 

Je, © Democritus, the moſt curious and 

fall the Ancients, ſuſpected, that there 

Pn more Stars which moved, underſtand- 

them the Comets ; but he neither eſta- 

eir Number or their Names, the ones 

| «K 0 
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why they recede fo far from the other Pla- Lecture 

„how great, and what Sort of Bodies they XVII. 

bs — — 
for all this, the whole Sect of Peripateticks, The Peri- 

that Generations and Corruptions ſhould be pateticks 

ſuced into the Heavens by placing the Comets /#?po/ed 

m, thruſt all the Comets down into the ſub- C to be 

Regions, and would maintain, that they were '****97*ge- 

g but a kind of Meteors. But the Phæno- 3 "TY 
or the Manner theſe Comets appear in, will““ ““ 

fer them to have a Place fo low, and ſo near 

For it is clear that they are not generated 

rt Atmoſphere, becauſe they are certainly far 

than it reaches: For Comets are to be ſeen 

fame Time from different Parts of the Earth, 

| are at great Diftances from one another; 

= cannot happen to any Body that reſides within 

tmoſphere, which is not extended upwards 

fifty Miles. | 

that Comets are not only above the Air, Comets arg 

lo beyond the Moon, is plain; becauſe Comets Pighrr 

from different Places, are obſerved to be at the n * be 

Diſtance from a fixed Star which is near them, Non. 

pr Example, The Comet which Tycho Brahe ob- 

dat Uraniburg, was likewiſe ſeen by Hagecius, 

agu in Bohemia, at the ſame Time, which two 

s differ 6 Degrees in Latitude, and are nearly 

r the fame Meridian; and both meaſured the 

ance of this Comet from the Star we call the 

7; that is, how much it was below it towards 

orizon; for both the Vultur and it were in the 

Vertical Circle, and both Obſervators found 

Diſtance the ſame, and confequently they both 

ed the Comet in the ſame Point of the Hea- 

; Which could not be, unleſs it had been higher Plate X VI. 

the Moon. Fig. 1. 

ET the Circle AB G reprefent the Earth, in 4 Demon- 

ch let Uraniburg be in A, and Prague at B: Let {ration 

de the Place of the Comet: Let FCE be the at Co- 

ment of the fixed Stars, in which let the Star . % 


the Yiultur 3 the Place of the Comet ſeen from f, 


Ura NA iby rg Moon. 
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Lecture LJraniburg among the Stars is E, and its Di 
XVII. from the Vultur is the Arch F E; but the 
= ſen from Prague, appears in C; and its Dit, 
from the Yultur is the Arch FC, which is leg. 

the Arch F E. But by Obſervation it ha 

found, that this Comet, ſeen from both theſe Ply 

ſeemed to be at the ſame Diſtance from the J 

and therefore the Arches F E and F C are 

rather the ſame, So great therefore is the Dil 

of the Comet from the Earth, that the Arch ( 
vaniſheth, and is altogether imperceptible: By 

Moon, ſeen from theſe two Places, would appar 

have different Diſtances from the Yultur ; al 

therefore would a Comet, were it as near as ft 

This Comet therefore was further diſtant of 4 

the Moon. 

The true A Comet at D ſeen from the Center of the I 
and the ap- would appear in G; but from the Surface d 
parent Earth at A it is obſerved in E: The firſt is 0 
1 of @ the Comets true Place, and the ſecond its 75 
Place; and the Diſtance G E between the tru 
apparent Place, is called the Parallax of the 

met: By it a Comet is always depreſſed mon 

wards the Horizon, than it is in its true Pl 
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Its Paral- Now the Parallax of any Star is always equi rds 
lax, the Arch that meaſures the Angle, that the I e fam 
Semidiameter, paſſing through the Place of the int 

ſervator, is ſeen under from the Comet; 2 ble P, 

ſhewed before, when we treated of the Paralu high 

the Moon.  depre 

Now if there be no ſenſible Parallax, the At the & 

under which the Semidiameter of the Earth ü. 

from the Comet, will not be ſenſible ; and met 

fore the Comet muſt needs be at a vaſt D muſt 

from us, ſince the Earth ſeen from thence ing 

no bigger than a Point. the 

A Way to By the Help only of a Thread, in a Maart fe 
find if a ſo great Nicety, we may find out if a Comet bein 
Comet has any ſenſible Parallax : For a Comet, juſt be » = - 
@ ſenſible diſappears, goes ſo flowly, that it ſcarce (em net, 


Parallax. move; and it may be twice obſerved in this 3 
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$ Dil 
he 
s Dich 


is | W&oding the Thread directly before the Stars may 


has ally tried; afterwards, when the Comet ap- 
eſe ches near to the Horizon, by extending the 
he ed we muſt again try, if it ſtill keeps in a 
e Line between the fame two fixed Stars. Now 


ere be any ſenſible Parallax which depreſſes the 
et, it cannot be ſeen in the ſame Right Line 
fore ; and therefore if it keeps the ſame Poſition 
thoſe Stars, it is a convincing Argument, that 
Comet has no ſenſible Parallax, and muſt there- 
be at a prodigious Diſtance from us. We need 
here fear any Error riſing from Refraction, which 
us raiſes the Stars, and makes them appear more 
ted above the Horizon than they are ; for this Re- 
on equally affects both Comet and Stars; and 
fore it will not change their Poſitions in reſpect 
e another, 


le Dik 
Arch ( 
: Bu 
| appeat 
; and 
as (he 
t of u 


the l 
4ce df 
ſt is 0 
ts ahj 
e true 
f the ( 


| more 


rue Fl which is perpendicular to the Horizon: And 
s equal ads, when the Stars riſe higher, and are not 
the Le e fame vertical Circle as before, if it appear {till 
of the e in the ſame Line with them, it can have no 
t; 8 ble Parallax ; and therefore its Courſe muſt be 
rails high in the Heavens. But if it ſhould be found 


depreſſed than to appear in the right Line that 
the Stars, then the Comet muſt needs have a 
lax, If, while theſe Obſervations are making, 
omet ſhould have a proper Motion of its own, 
muſt be made an Allowance for that Motion, 
ding to the Time between the two Obſervations, 


the Ant 
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and tie 
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being ſubje& to the Parallax of the annual 
8 a convincing Proof of their deſcending into 
anetary Regions; for Comets which have a Mo- 

O tion 


Firſt, when it is very high above the Horizon, Lecture 
any two Stars between which the Comet lies XVII, 
right Line parallel to the Horizon, which, by Gyn 


Comet may likewiſe be obſerved when it is Another 
the Eaſtern Part of the Horizon, and in a right Method for 
with two Stars that are both in the ſame Cir- he. ſame. 


the want of a diurnal Parallax was an Ar- Comets are 
nt for placing Comets above the pon, fo 4/4 


Parallax / 
the annual 


194 ASTRONOMICAL 
Lecture tion forward, according to the Order of the g 
XVII. near the Time of their difappearing, are all of 

Ls cither flower than uſual; or even Retrograqe 
the Earth be between the Sun and them; qt 

are quicker than ordinary in their Motions, y 

the Sun is between the Earth and them: Anis 

appear in Conjundtion with the Sun, as the N 


le apf 


mov 
es on 
jon O1 
the ar 
intity 
On, It 


are obſerved to do. On the contrary, thoſe Cy fcier 
When 2 which have their proper Motions Retrograde, F] /*/ 
ares fel trary to the Order of the Signs, are quicker , whe 
4 uſual when they begin to withdraw themſelves, in the 
or diſappear when the Earth is between the un inferio 
them; or elſe they flacken their Pace, and (eq VHEN 
move more ſlowly, when the Earth is in the q dach 

Poſition. Theſe Changes in their Motions # ugh 
from the Motion of the Earth, and its vai Acc 
ſition, as in the Planets, who, according as tle! HE Þ 

tion of the Earth agrees with theirs, or is cont rent; 
to it, ſometimes appear to go with a retrograde} ever 
tion; ſometimes they go ſlower, and ſometime Con 
a quicker Motion. rafh 
Ix the Earth move the ſame Way as the Cu dun 1 
does, and hath an angular Motion round the! ts W, 

quicker than it, fo that the right Lines whicha rved | 

ſtantly join the Earth and Comet, all convert their 

Points beyond the Comet: This Comet fn! Magr 

the Earth, upon the Account of his flower Mat ACCOU 

will appear Retrograde; but if the Motion « WP = 

When the Earth be leſs than that of the Comet, the erer 
Motion of of the Earth takes off from the viſible Moti rior | 
2 C. the Comet, and then the viſible Motion of ts V 
ſeems fiow- met ſeems to be flower. But when the Fur)! not { 
me * Comet have contrary Motions, the Comets # not 
Zurck. rent Motion is thereby accelerated. Lig 
We infer the ſame Thing from the Cum Ce 

of a Comet's Way; for they generally ſeem ton oundi 

in great Circles almoſt as long as their Motu Sars 

ſwift. But at laſt, when that Part of their le 

rent Motion which ariſes from the Parallur d n the 

annual Orb, bears a greater Proportion 9 & Lip 


j 


ile apparent Motion, then they uſe to deviate Lecture 

moving in a great Circle; and when the Earth XVII. 

es one Way, they go the contrary : This be 

ion or Deviation ariſes chiefly from the Parallax 

the annual Orb, and exactly anſwers to the | 

ntity of the Eartl's Motion, And by Obſer- | 
F 


L 


the 
| of 
grade, 
z Offi 
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on, it has been found in ſome Comets ſo great, 
kciently to prove that mT have deſcended far 
Jupiter: And in their Perigeons and Perihe- 
when they are neareſt to us, they often come 
in the Orbit of Mars, and even the Orbits of 


I 

10 inferior Planets. 

ner the Comets recede from the Earth, and 
e dach the Sun, their Luſtre and Light is increaſed 


ugh their apparent Diameters be diminiſhed 
Account of their further Diſtance from us, 

as Figures of Comets are obſerved to be very TheFigures 

rent; for ſome of them throw forth Beams like of Comets, + 
every way round them, and theſe are called 
Comets, Others again have a long Beard, or 

ra fiery Tail, oppoſite to the Region in which 

dun is ſeen ; and they are called Bearded, or 

ts with Tails, Their Magnitude has alſo been Their 

rved to be very different; many of them, with- Magni- 

their Hair, appear no bigger than Stars of the fe. 

Magnitude, But ſome Authors have given us 

\ccount of others which were much greater; 

| was that which appeared in the Time of the 

peror Nero, which, as Seneca relates, was not 

rior in Magnitude to the Sun itſelf, So the 

net, which in the Year 1652 Hevelius obſerved, 

not ſeem to be leſs than the Aon, though it 

not ſo bright a Splendor ; for it had a pale and 

Light, and appeared with a diſmal Aſpect. 
Comets have a denſe and dark Atmoſphere 

ounding their Bodies, which weakens and blunts 

Sun's Rays that fall upon it; but within it ap- 

s the Kernel or ſolid Body of the Comet, which, 

n the Clouds are diſperſed, gives a ſplendid and 

Light. 
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Lecture Comers, fince they are at ſuch a Diſtance f 
XVII. the Earth, like all other Stars, muſt have the 
wo parent Motion round the Earth from Eaft to 
Comets which ariſes only from the Rotation of the | 
hawe their round its Axis, But beſides this they have: 
apparint and proper Motion of their own, by which t 
drurnal are continually ſhifting their Place in the Hau 
_ a and have their proper Courſes in the Celeſtal] 
fr Wen gions. The Antients were not ignorant of ſud 
* Motion; for they never had reckoned them any 
the wandring Stars, unleſs they had known t 

like the Planets, they had their peculiar Coutk 

Seneca acknowledged and obſerved that they! 

ſuch a Motion, and ſaid, that their Way wu 

Right Line; or, as the A/tronomers uſe to fay, i 

great Circle, For in the ſeventh Book of lis w 

ral Queſtions, Chap. 8. he ſays, That the C 

They have of a Comet is eaſy and quiet, that it takes a( 
likewiſe a termined Way: That Comets do not proc 
proper Mo- «© à confuſed and tumultuous Manner, as fone} 
tionof their cc lieve, nor are they driven by turbulent and! 
n. certain Cauſes,” In his 29th Chap. he ments 
two Comets, one of which, in the Space f 

Months, paſſed thro' one half of the Heavens. 4 

other, in the Time of the Emperor Claudius wu 

obſerved towards the North, which by Degrees: 

directly higher and higher, till it quite diſappear 

he Meth By the Means of a Celeſtial Globe, in whoſe 
of finding face the Stars are rightly placed and painted, 
the Courſe Mechanical Method, the Way of a Comet may 
of a Comet. eafily traced in the Heavens. Let there be er 


ortior 
of 1 
e fro! 
ENC 
is in 
Ctator 
Sun 
lane, 


ays a 
Day obſerved four Stars which are round the Com * 
and let them be ſuch as the Comet may be in tlc ore 
Lines which join the two oppoſite Stars ; Wi ain 
may eaſily be found out by the Means of a T Mod 
placed before the Eye, and extended over-agzinſtt ſame 

PlateXV1. Stars and Comet: For Example, let the Con from 

Fig. 2. Place be A, between the four Stars B, C, D,. E ct 
that the Line joining the Stars B and D, medio 


thro' the Body of the Comet; and fo likewl 
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e paſſing thro the Stars C and E. And there- Lecture 
upon a Globe, in which are marked theſe four XVII. 
in their proper Places, extend one Thread thro' Canynnnd 


! to r, B and D, and another thro? the Stars C, E; 
the Loh the Interſection of the Threads will give you 
hk : Place of the Comet, If this be daily done, and 
nich ft 


Place of the Comet be every Day taken, by this 
ans we ſhall manifeſtly find out the Courſe a Co- 
takes in the Heavens, which will be found to 


2 great Circle; for all the Points thus marked 

m am be found to fall on the Periphery of a great Cir- 

on LO: And having any two Points of this Circle, we 

Could! and its Inclination to the Ecliptick, and the 

17 es of the Nodes : For it is only obſerving where 
0 


hread ſtretched through the two Points cuts the 
tick. 3 N Another 
HERE is another Way of finding out the pro- ;- 74. 
Courſe of a Comet, by obſerving every Day its 3 
ance from two fixed Stars, whoſe Longitudes and fame. 
tudes are known; from which Diſtances we can 7 Courſe 
pute the Places of the Comet; and theſe Places a Canet 
g marked on the Surface of a Celeſtial Globe, appears 
manifeſtly ſhew that the Courſe of a Comet is in nearly to 
ortion of a great Circle, excepting that the Mo- be in a 
of the Earth will make it appear to deviate a great Cir- 
e from it. | cle. 
ENCE it is manifeſt, that the Motion of a Co- The No- 
in a Plane, which paſſes through the Eye of the 71 , Co- 
Bator, or, more exactly, which paſſeth through 777 #5 7 
dun; for all viſible Motion that is made in ſuch * 773 
ane, however it be inclined to the Ecliptick, will en 7 of 
ays appear to be in the Periphery of a great Cir- Eye he obo 
Moreover, the Motion of a Comet is regular gun. 
| orcerly; and tho? it is unequal, yet there is a 
an exact Order obſerved in the very Inequality 
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he Cu 
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7 Motion, The proper Motion of Comets is not Their 
oo ſame in all; but each has its peculiar Courſe, Some Cuſis va: 
D . from the Weſt to the Eaſt, others from 8 


contrary to the Order of the Signs, and their 
rection is contrary to the Way the Planets take, 
O 3 who 
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0 a! 
Lecture who all move from Vaſt to Eaft : All of them thy * 


XVII. exactly obſerved, turn Szuthwards or Nerthwarg, 
different Inclinations to the Ecliptick ; and they 


not like the Planets to be comprehended within 
Zodiac, but they quickly depart out of it, andy 
various Motions paſs through all the Regions dj 
Heavens, ſome with a quicker, ſome a flower! 
tion. The greateſt Velocity that any we have yet 
has had, was that which was obſerved by Nn 
tanus; which Comet moved in one Day full | 
Degrees. Some are ſwifteſt in the Beginning of 
Appearance, and flacken their Pace as they bei 
vaniſh, Others again in the Beginning and EA 
their Appearance have a flow Motion; but int 
middle Time they are carried with a greater Vet 


Comets di- TT has been obſerved, that ſome Comets for zl the 
viate frem Days before they diſappeared, did not keep tk have 
4 Courſe in Courſe exactly in a great Circle, but did ſome YE 
@ eat deviate from it; ſo that the Angle of the Cm Ort 
Circle. Orbit and the Ecliptick, was found to be differet Aden 
laſt from what it was at firſt; But this Dec e; 
was only apparent, and did not ariſe from te ing 
Motion of the Comet, but from that of the Ein Altan 
as we ſhewed in the inferior and ſuperior Pi debt 
whoſe Diſtance and Inclination to the Ecliptd off 
various, according to the different Poſition d erreb 
Earth, whereas, if they were obſerved from tber ore 
any one of them would always appear to move in rs b 
ſame great Circle. daft 
The true ALTHOUGH the Motion of a Comet appen \ wt 
Line that be in a great Circle, yet its true Way may be Mu 
a Comet de- different from a Circle, and may be in very iy hay 
ſeribes. and different Lines, as either a right Line, l „ M 
liptick, Parabolick, or Hyperbolick Curve; d ac 
may be any other Curve deſcribed in the ſame Flat LET 
For all Motions in whatever Line the moving Ya C 
takes, when it lies in a Plane paſſing throu WW ſhou 
Eye, will always be obſerved to be periorm to þ 
in a great Circle. Many Philoſophers, and u e. 


few Aſtronemers, have maintained that the * 
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jons are rectilinear; but that which anſwers Lecture 
to their Appearance, is a Motion in a parabolick XVII, 
liptical Orbit. And if their Orbits be ellipti wy 
they are extremely excentrick; fo that their 
ter Axis bears a very conſiderable Proportion to 
leſſer ; upon which Account they differ very 
from the Planets, which, though they move 
iptical Orbits; yet they are ſo little excentrick, 
differ but a ſmall Matter from Circles, 

the Sun reſides in the common Focus of the 
its of both Comets and Planets. And the Co- 
s obſerve the ſame Law in their Circulations 
d the Sun as the Planets do; that is, they move 
ch a Rate in their Orbits, that the Line which 
the Fun and them, does always deſcribe Areas 

Spaces proportional to the Times; and therefore 
che ſame Account as the Planets, they likewiſe 
haye a Gravity or Propenſion towards the Sun. : 
HEN the Comets come to the inferior Parts of The Comers 
Orbits, and deſcend towards the Sun, or are when they 
aſzending from him, then only they become — 188 
le; afterwards departing from the Sun, and af-/%*- | 
ling higher in their Orbits, they run out into 40 
diſtant Regions, and withdraw themſelves from ; 
dight ; for upon the Account of their going fur- 
off the Sun, the Light they receive from him 
hereby much weakned ; and becauſe likewiſe of 
Ir greater Diſtance from us, their apparent Dia- 
rs become conſtantly Jeſs, till at laſt they vaniſh 
d Point, and become inviſible, In their Aphe- 
» Whither they run out into far diſtant Regions, 
auſe of the great Excentricity of their Orbits, 
baye a very flow Motion; but in their Perihe- 
where they come near the Sun, they move 
h a quick Pace. 
LETS be the Sun, AP D G the elliptick Orbit 
a Comet; TCE the Orbit of the Earth. If 
ſhould ſuppoſe the Semi- Axis of the Comet's Or- 
© be 100 Times greater than the Semi-Axis of 
Earth's Orbit, or, which is the ſame, than its 
O 4 mean 


0 ASTRONOMICAL, 


Lecture mean Diſtance from the Sun, that Comet wou Hall: 
XVII. complete its Revolution in leſs than 1000 ich 

for the Squares of the periodical Times of the A, an 
PlateXVI. and Comet muſt be as the Cuhes of their meu ſis de 
Fig. 3- ſtances from the Sun; and the Comet become; i them. 
ble only for that Part of its Period, wherein ii ons 

ſcends towards the Sun, and approaches net Wiſh Obi 

Earth, as in F; and then, after it hath paſſe Bs {0 n 


Perihelion, conſtantly riſing higher from the (ale 


bout G, it will begin to vaniſh, and will nat x oon a 
ſible without a Teleſcope. If the Aphelion Du abu 
be to the Peribelion, as 1000 is to one, the V the A 
of a Comet in the Perihelion will bear the ſame 18S Exa« 
portion to the Velocity at the Aphelion. For WWWounte 


e of 
fro 


Area AS B muſt be. but equal to the Area Pg 
if the Arches A B and PD be deſcribed by the( 


met in equal Times; and then the Arch PD eth 
be greater than AB, in the ſame Proportion tha. 
is greater than PS. This is the Proportion of nderf 


refore 


neory 
ned | 


abſolute Velocities. But their angular Velocitis 
bout the Sun are in a duplicate Proportion of th 
Diſtances, or as 1000000 to 1; ſo that biet 


Comet in its Perthelion deſcribes one Degree i er ar 

its angular Motion, when it aſcends to its H ens 

it will deſcribe in an equal Time but the 5:5: er. 

Degree; ſo that there it may have ſo ſlow a Mota ALT 

that it will require ſeveral Years before it can n /7 

plete a Degree of angular Motion. ervec 

The ſmall SINCE the elliptick Orbits of Comets are al Wy: b 
Portion of them very Excentrick, thoſe Portions of them ve 
the Ellip/e in they become viſible to us, may paſs for ! purſe 
awhicha bola's. For if one of the Fecus's of an Ellipſe rei te 
Comet de- infinitely from the other, this Ellipſe will therely at C 
ſeriben changed into a Parabola; as when the two Ii ol ncluc 
wudile it ts together and coincide, the Ellipfis is changed int fluic 
2 7 Circle. Now by conſidering that Portion of 20% de 
famed as met's Orbit which is near the Peribelion, a « Pſy = 
2 Parabo- Of a Parabola near its Vertex, the Calculation bir. 
42. their Motions becomes much eaſier; and upen 148 
ella 


Hypotheſis our moſt skilful Afronomer and Gen 
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wou. Halliy, has conſtructed and calculated a Table, Lecture 
00 V hich the Motions of all Comets are eaſily com- XVII. 
the a, and the Calculations founded upon this A- 
— 


„ do 3 agree with the Obſervations made 
them. Dr. Halley himſelf, having computed the 


tions of ſeveral Comets, and compared them 
s nen n Obſervations made by others, has found there 
1 paſly is ſo nice a Correſpondence between them, that 
the du (Calculation ſcarce ever differed from the Obſer- 
not E oon above three Minutes. By which Examples 
: Dili abundantly manifeſt, that this Theory ſatisfies 
e VeelWthe Appearances and Motions of Comets, with no 


Exactneſs than the Motions of the Planets are 
ounted for and foretold from the Theories we 
e of them, whoſe computed Places do ſometimes 


from Obſervations as much as in Comets, And 
P D ho! the Motions of Comets are much more une- 
on chan thoſe of the Planets, yet this Theory does 
n of tfÞnderfully anſwer all their Appearances : And 


refore ſince it is built upon the fame Laws as the 


teory of the Planets, and the Motions of one go- 
while red by the ſame Phyſical Cauſes as they of the 
oree wier are; and ſince it accurately anſwers all Obſer- 
a ens of Aſtronomers, it cannot but be the true 


are ile deen ſeen to go from Eat to Mf, with a {9 Welt. 
mw ry great Degree of Velocity, Such was the 
for | burſe of the Comet which Regiomontanus obſerved 
pſe the Year 1472, that deſcribed 40 Degrees of a 


nelude, that there are no Yortices, or Whirlpools 


ed in "uid Matter in the Heavens, which, according“ 

of aU the Opinion of ſome Philoſophers, carry the Pla- on 
5 2 PO” round the Sun For if there were any ſuch 

lation hirl-pools, when the Comets come down and en- 


Within the Region of the Planets, they muſt be 
Kellarily driven out of their Courſe by the rapid 


Gem 
ly; Motion 


ALTHO' all the Planets have their proper Motions Mam C. 
m Maſt to Eaſt, yet many Comets have been mets move 
erved to hold on in a contrary Courſe, and Vrom Eaſt 


there can 


at Circle in one Day. Hence we can bee Therefore 


be no Vor- 
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There is no 
Fluid in 
the Hea- 


wen: 1vhich 


has a ſenſi- 


ble Der/ity. 
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Motion of the Solar Vortex, as by a mighty 
rent, which near the Earth is of ſuch Force, 9 
carries it above 20000 Miles in an Hour: Ang 
can think, that fo rapid a Stream would not aft 
Comets, and when they have a Motion contra 
its Motion, ſoon deſtroy it? For what can re 
violent a Torrent of fluid Matter? Now many( 
mets have been obſerved to take a Courſe direct 
trary to this Stream, and which perform their. 
tions with the greateſt Freedom and without theh 
Reſiſtance, juſt after the ſame Manner as they w 


do in a void Space, where there is nothing to y na 
ſtand them. But this is plainly repugnant to the mT; 
ture of a Vortex; for that Medium which can put s 
Planets in Motion, would without all Queſtion, i rh 
all other Bodies which ſwim in it a going the f ta t 
Way. But ſince there is nothing like this obſen * 
in Comets, we muſt acknowledge that in the þ ed, 2 
vens there is no Reſiſtance, and therefore no M 7 
or Fluid, which, compared with our Air, hath ew ( 
ſenſible Denſity : For our Air gives a very condi, to. 
ble Reſiſtance to all Bodies that move in it. ] 

LET not therefore the Cartgſians and rin: d. 
talk to us any more about their /ortices ; for the. . 
pearances of the Celeſtial Bodies are ſuch as that Fat 
can by no means admit of them; ſo that they een 
labour to explain the Motions of the Heavens he 
them, do only amuſe us with Trifles and Inyo: .... 
lities; and it is to no purpoſe to trouble ou ot 
any longer with their Fancies, ſince there ö UM... fr. 
monſtration againſt them. | Proj 

SINCE the Reſiſtance of a fluid Medium ul *. 
chiefly from its Denſity, it from thence neceſuſi en 
follows, that where there is no ſenſible Reſiſtance Me tt 
the Medium, there the Medium muſt have no {al " 
ble Denſity ; and therefore ſince, in the Heaven Med; 
Comets ſuffer no ſenſible Reſiſtance, but exert bein 
Motions with the greateſt Freedom, as if they Hir! 
in a perfect Void or Vacuum, there likewiſe the De bs ©, 
fity of the Medium muſt be the leaſt that can b. n th 

IK 
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ighty ] to Nothing. And who knows but the Medium Lecture 
* b e Heavens may be fo rare and fine, that if you XVII. 
: An 


t the Planets, and their Atmoſpheres, the Matter 
þ is diffuſed thro* all the reſt of the Planeta 

on, or our ſolar Syſtem, may not be ſo — 

at which is contained in an Inch of our common 


mam For this we have demonſtrated to be poſſible 


rectly oi: Phyſical Lectures. 
their Max Phileſopbers after this need trouble us no 4 Vacu- 
ut del with their Metaphyſical Quirks againſt a Va- um or Void 
they ; for they ſeem to be very like the Quibbles of is proved. 
. * antient Sophi/fs againſt the Poſſibility of Motion: 


| 2s Diogenes confuted thoſe Sophifts by riſing and 


„, fo we may anſwer the Cartefians by bidding 
8 5 n look up into the Heavens; and there, notwith- 
= ding their nice and ſubtle Arguments, they will 


from the Appearances and Motions there ob- 

d, a manifeft Demonſtration for the Neceflity 

| Vacuum. | ; 

tw Comets have been obſerved before their De- Tz, Tat; 
t to the Sun, and their Return from their Peri- Comets, 
n. For before they have been conſiderably heat- 


Land in the Neighbourhood of the Sun, they ſcarcely 
r the | ald 

1 ect a Tail to make them remarkable: But after 
eh wave been well heated in their Perihelion, then 


generally ſend forth a large ſhining and fiery 
|, which ſeems to conſiſt of a very fine, rare and 
hinous Matter, which is attenuated by the great 
at of the Sun, and projected with an immenſe 
ce from the Body of the Comet. The Cauſe of 
Projection perhaps may be very like that where- 
a creat Quantity of fine lucid Vapour was lately 
dyn out from the Earth, to an immenſe Height 
ve the Air, ſo that it was viſible through the 
teſt Part of Europe; and in Figure and Luſtre 
ed very like the Tails of Comets, but the Mat- 


wa I being ſpent, it ſoon vaniſhed. The Tail 
4, IT is very remarkable, that all Comets have their 
he be als 1 () | | he Sun; that is, if the 5 of Comets 
1 be, in Oppoſition to the Sun; that is, if t e 


in the Vet, the Tail is projected Eaftward, * poſits to the 
Sun. 


Lecture if the Sun be in the Eaſt, the Tail looks % 
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XVII. at Midnight the Direction of the Tail is to tte ing bi 
r Theſe Tails grow bigger as they deſcend to the! hand 


and at the Perihelions they are biggeſt ; and à Pear 
go further off from the Sun, and cool by De 
the Tail leſſens, till at laſt it is contracted withy 
Comet's Atmoſphere. | 

ComeTs which have ſhort Tails, do not & 
forth the Matter of them with a very quick Ma 
in a continual Stream from their Bodies; for 6 
they would ſoon be diſſipated and vaniſh : But 
Tails ſeem to be rather permanent and fixed ( 
lumns of Vapour and Exhalations, which being y 
pagated from the Body with a flow Motion upmy 
and retaining ſtill the Motion which they had 
preſſed in them to go along with the Comet, f 
ſtill continue to move on with the Body throught 
Celeſtial Regions. From hence we may likewiſe 
clude, that in the Heavens there is no Reſin 
for in them not only the ſolid Bodies of Planet: m 
but alſo the thin and fine Vapours which ariſe 
Comets feel no Reſiſtance ; but move with the ge 
eſt Freedom, and for a long Time preſerve M C. 
Motions, 

THE great Comet which appeared in the l. 
1680, after its Departure from the Perihelim, | 
jected ſuch a Tail as extended itſelf more tian ft 

egrees in the Heavens; nor can this be a Wont 
for it was ſo near the Sun, that its Diſtance In 
his Surface at the Perihelion was but a ſixth Patt 1 
the Diameter of the Sun's Body; and therefore d 
Sun ſeen from the Body of the Comet, would ax 
to fill the greateſt Part of the Heaven, and its a 
rent Diameter would not be leſs than 120 Deg 
and therefore the Heat it received from thence mi 
be prodigiouſly intenſe beyond Imagination; i 
exceeded above 3000 Times the Heat of red hot 


Pnitu 
UNS, 
he $: 
ſe Ap 


We Or 


And therefore we muſt allow, that the Bodies of ol 1 
mets, which can bear fo great a Heat, muſt be * 


denſe, hard and durable Bodies: For if they * 


noch 5 cles | 


ir Di 
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ing but Vapours and Exhalations raiſed from the Lecture 
3 and Planets, as ſome have dreamt, this Comet, XVIII. 


\ near an Approach to the Sun, muſt have bee. 
deſtroyed and diſſipated. 


Jeon 
 Withy 
not 160 * 77 
k Maj 8 
3 for l 


LECT-U'R'E XYUL 
Spherical Doctrine, or, Of the Circles 


| by n of the Sphere. 
met, t 
— 71 INCE every Spectator, in whatever The Eye of 


Place of the vaſt Expanſion of the U- a Spe2ater 
niverſe he reſides, is always in the 7s always 
Center of his own View, when he in the Cen- 


ewiſe g 
Leſiſtu 
nets md 


ariſe fn looks up at the Heavens, he will ſee * , his 
the ge it as a Concave Spherical Surface, ““ Fiew. 
-rve ee Center is the Eye, which Surface is every way 


angled with an innumerable Multitude of ſhining 
1 And the Spectator will likewiſe obſerve, that 


the YU 
the Heavenly Bodies perform their Motions, whe- 7: is no 


lm, f 


than 6 real or apparent, in this Surface. Now ſince Matter 
Won Diſtance of the Earth from the Sun is but a whether 
nce iat, as it were, in Compariſon of the immenſe the Center 


ance of the Starry Firmament, in whatever Point 9f the Hea- 
Is Orbit the Earth is placed, there will be the? be 

Proſpect of the Heavens, the ſame Poſition and me get 
enitude of the Stars and Figures of the Conſtel- - + pra 


h Part 
refore tl 
ld appt 


| its aft gun or 
Degrees, as a Spectator would obſerve, did he reſide p,, 
once ne San; and therefore it is the ſame Thing as to 
n; he Appearances, whether the Center of the Uni- 
hot Ie or Heavens, be placed in the Sun or Earth : 
es off we imagine ſeveral Circles to paſs through 
x be vt Earth, and to have its Center for theirs, and 
hey va" Parallel to them to paſs through the Sun, theſe 
noi e in the Heavens will ſeem to coincide, becauſe 


r Diſtance will vaniſh in reſpe& of the immenſe 
Diſtance 
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Lecture Diſtance of the fired Stars; and thoſe Circles y 
XVIII. are drawn through the Sun and Earth on g 
Planes, will appear to paſs thro' the ſame Star; h 

Heavens. 
A great For the better determining the Places of all 


h 
Circle, of Stars, and obſerving of their Motions, it is x * 


ellat 


ſite to imagine ſeveral Circles deſcribed in ie e 4: 
vens, ſome of which are great Circles, other ¶ ic 
leſs Size. A great Circle is the greateſt that cali gr 


deſcribed on the Surface of the Sphere, and dit 
into two equal Portions, and has likewiſe the 
Center that the Sphere has; and therefore all 
Circles, having the ſame Center, muſt cut each u 
into equal Portions or Semicircles, 
The leſſer THe leſſer Circles divide the Sphere into ung 
Circles, Portions, and have not the ſame Center tha 
Sphere has; and they take their Denomination þ 
ſome great Circle to whom they are parallel, u 
Zquator, Horizon, or Ecliptick. 
The Poles Every Circle of the Sphere hath two Pola 
of Circles. are Points on the Surface of the Sphere, whit 
at equal Diſtances from all the Points of the Ci 
and they are placed in the Surface whete a 


qui 
ne Su 
whic 
ards t 
nal I 


from the Center perpendicular to the Plane d Woh 
Circle meets with the Surface of the Sphere, vl. it 
the Line is produced both ways. een ! 
Sox Circles of the Shpere depend only upon e 
moveable Place of the Spectator, and have a Regard to H 
m- ſition ; others again are produced by Motion: 5 ca] 
moveable. firſt are called moveable Circles, becauſe, as the Sen. 
of the Spectator Is changed, fo are they, and no» w 
along with him. The ſecond are called immo les 1 
and are ſuppoſed to be fixed to the ſame Point Inte 
the Heavens. \ 
Tux Circles which owe their Origin to Mon Poi. 
are chiefly the Ecliptick and Æquinoctial, and t, ar 
Parallels. For becauſe the Earth is carried the | 
the Sun in a Year, a Spectator in the Sun vil ebe! 
the Earth deſcribe a great Circle in the Heav3 g 
Starry Firmament, which we call the Ecliptick; a N 

6 


it is the very ſame Circle which we ia th 2 


L 


Icles ꝝ 
ON g 
tars in 
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e the Sun to move in by an apparent Motion, Lecture 
iſe in the Space of a Year, as we ſhewed be- XVIII. 
The Ecliptick is divided into twelve equal 
„ which are called the twelve Houſes or Signs, The Eclip- 


of al they have their Names from the neighbouring tick and 
it i q alations : They begin at the Vernal Interſection its Parts. 
n tte e Equator and Ecliptick, and are reckoned 
then oi the 7 Ea/twards, as the Sun ſeems to move. 


that cn 
d divig 
e the 
e all g 
each of 


firſt three Signs are T 8 U, which ariſe from 
EquinoRial, and aſcend Northwards to the Point 
de Summer Solftice. The next three are 8 N 
which begin from Cancer, and deſcend again 
ads the Æquinoctial, till they come to the Au- 
nal Interſection. The third Ternary of Signs 
is of t M 7, which begin at Libra, and de- 
Wins from the AEquinoctial Seuthward, reach the 
nter Solſtice, N %$ XK make the fourth, which 
nat Capricorn, and end in the Vernal Aquinox, 
h Sign is divided into 30 Degrees, and conſe- 
ty the whole Ecliptick into 360. The Sun is 
ys obſerved in this Circle, and never deviates 
he leaſt from it, as the Planets do, which go 
etimes on one Side of it, ſometimes on the other, 
ugh a Space of about eight Degrees; and there- 
, if we imagine a broad Circle or Zone of about 
een Degrees in Breadth, which the Ecliptick cuts 


JS. * = 8 — —— * R 
— _ A — 


3 


f 
1 


Fun te Middle, this will be the Space wherein the 

| to i nett perform all their Motions, and by the Greeks 

* $ called tre Zodiack, by the Latines Signifer, or The Zo- 
8 1 


dign-bearer, becauſe of the Signs placed within it. diack. 

F we imagine an indefinite Number of great . 
les to be drawn thro” the Poles of the Ecliptick, OT” 
interſecting of it, theſe Circles are called Se- cliptick. 
Gries of the Ecliptick, for by them every Star 

Point of the Heavens are 4. Ae. to the Eclip- 

and have their Places in regard to it determined 

the 5 ow For the Place of any Star reduced 

the Ecliptick, is that Point where the Secondary 


= * = * n — _ 1 — 
5 ' — Y n 
ASE. FT. . ne NS OS — A - 
* Mg ko — 22 — — : = 


, ng thro' the Star interſects the Ecliptick. The 
2 h between this Point and the Beginning of Y, 1 


he Vernal Interſection, and counted Eaſtward, 
is 


* hf 
« - > >. 
— - 
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Lecture is called the Longitude of that Star, as the An 
XVIII. the Secondary between the Star and the Eclipig 
Gay I called the Latitude of that Star, and is either 
The Longi- or South; for the Ecliptick divides the Starry Fg 
tude and ment into two Hemiſpheres, North and South. 
Latitude of SINE the Earth turns round its own Ani, | 
Star. thence it comes that the Inhabitants thereof {@ 
Heavens and all the Stars revolve round the f 
in the Space of twenty-four Hours from 24 
Wift ; which apparent Motion is called the d 
or daily Revolution of the Heavens, and wa q 
ceived to be by the Force of a moving Sphere d 
The Pri- the Primum Mobile, or Firſt Mover, which an 


mum Mo- the whole Heavens round with it about an 4 netu 
bile. which coincides with the Axis of the Em: ii: 

duced, as if the Earth itſelf had no Motion, WAP", 

the Heavens were volvible. The great Circle e be 

is exactly between the two Poles of the Earth, « lz a 

equal Diftance from both, is called the Eart}'1 un, 

quator ; and if we imagine the Plane of this pl M 

cle extended or produced to the Heavens, it a Gy 

there make the Celeſtial Æquinoctial Circle, ot the . 

The AEqui- Aquator in the Heavens; and all the Star, u | of 

noctial. every Point of the Heavens except the two Py of 
will ſeem to deſcribe by their apparent Red 

either this Circle, or a leſſer parallel to it; em 

Circles are either bigger or lefler, according x be 

Stars which ſeem to deſcribe them, are more e 

moved or nearer to the Poles. ER 

THE AÆquinoctial and Ecliptick being v_F» V 

great Circles, will cut each other into Semi- cπατ] ©* 

and their common Interſection will always = 

parallel to itfelf, and will conſtantly be dire qui! 

to the ſame Point of the Heavens; for we K a 

abſtract and conſider as nothing that very i th 

Motion, whereby the Axis of the Earth falls back om 

ward, and this Interſection equally with yt. ® * 

therefore, whenever the Sun is obſerved in ® A l 

| Point of the Ecliptick, where this Interſection l 1 , 


is, when the Earth is really in the oppoſits, l 
Sun then by this apparent diurnal Motion Y x 


I 
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the Equinoctial Circle in the Heavens; and Lecture 


1 


the Arg 

Eclitiu being two Points of Interſection, the Sun will XVIII. 
ither erved to revolve in the Equinoctial twice every Gym 
ry Fl; that is, when he is in the two Interſections, 


al 5nd Autumnal, at which Times all the Inha- 
ts of the Earth will have their Days and Nights 
; upon which Account this Circle has got the 


oth, 
A. Xx tr, 0 


reof fs 


the e of the Æquinoctial. The Angle which the 
m Zo tick and the Afquator make at the Points of In- 
the 6 tion, is about 234 Degrees, The Sun leaving 
| was oY Interſeftions by an apparent Motion, declines 
here d Day from the Equinoctial Circle more and 


towards the North or South, till he comes to 
inetieth Degree from the Interſections, where 


ich can 


t an 4 g 
Harth ears to be 23 Degrees diſtant from the Equi- 
otion, , which is his greateſt Declination: For from 


he begins to return 2gain towards the Equi- 


rcle 15 
|; and therefore the two leſſer Circles, which 


arth, « 


art} Sn, at his greateſt Declination, ſeems by his 
' this al Motion to deſcribe, are called the Tropicks, 
15, it a Greek Word which ſignifies to return: This The tvs 


the Nerth Side of the Equinoctial, is called the Tropicks, 
of Cancer; the other, on the South Side, the 
t of Capricorn. How this apparent Motion of 


le, or 
Stars, 1 
two Pu 


dercn, and conſtant Change of his Declination, 
it; rom the real Motion of the Earth, the Sur 
ing 3 WP"! being all the while at Reſt, we have already 


ned in our ſeventh Lecture. 
ERE are two remarkable leſſer Circles of the The Fug: 
e, which are parallel to the Equinoctial; and / war Cr 
are deſcribed by the apparent diurnal Motions * 
t Poles of the Ecliptick round the Poles of 
quinoctial, from which they are diſtant 23+ 
+ They are called the two polar Circles; 


more n 


ing de 
ni-cuck 
rays I 
> Cirectt 


we it 
ery n the Northern Sphere is named the Arfick Cir- 

ls bac om the two Bears that lie ncar it; the other 

it, Al on the South is called the Antaraich, or Cir- 

in fl polite to the Ardich. 

ns thro the Poles of the World, or of the Equi- Seconderies 
yite, , there be conceived innumerable great Circles 7 Egui- 
| will P to noctial. 


(cul 
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Lecture to be drawn, they are called Secondaries of th 
XVIII. quinoctial, by the Help of which the Poſition of 
Lone Point of the Heavens, in regard to the Equinac 
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is determined, as before they were determined h 
Secondaries of the Ecliptick, in regard to the I 


rtain 

The vight tick: And the right Aſcenſion of a Star, d 
Aſcenſcon in the Heavens, is an Arch of the EquinoRtial be Pl 
and Decli- tween the Beginning of Aries and the Point Man 
ation of a the Secondary, paſſing thro” the Star, cuts the l 11 
Star. noctial. The Declination of a Star or Point i ned 
Arch of the Secondary intercepted between the I. R 

and the EquinoQtial, which is likewiſe as the ther 

tude either North or South, as the Star declins e m. 

wards the North or South Pole : From hence Han 
Secondaries are called Circles of Declination, ge fr 

The two the two chief of them are the two Colures, ; a: 
Colures, which, paſſing thro? the two EquinoCtial Interſeui e o. 
is called the Equinoctial Colure ; and the other, N Ci 

cuts the former at right Angles, and paſſes th nude 

Poles of the Ecliptick, is called the Solſtitial Ca » int 

_ becauſe it interſects the Ecliptick in the Points vi is ei 

are at the greateſt Diſtance from the Aquats; þ or 

which when the Sun comes, he does not ſenſibly, Ny t 

ſome Days, change his Declination, but ſeems tok mot 

without approaching to, or receding from the l for 

noctial; and therefore theſe Points are called doit!!! 

THAT Circle which is on the Surface q dia 

Earth, exactly in the Middle between the two lr th 

is the Earth's Æquator; and by the Production con 

we ſhewed, that the Celeſtial Æquinoctial was fom es 2 

And as the Places of all the Stars in the Heeg ee: 
determined by their Longitude and Latitude, u M. 

gard to the Feliptick and its Secondaries; io h ers 

terreſtrial] Æquator and its Secondaries, daun Min tt 

the Poles of the Earth, the Poſitions of Cites oſite 

Places upon the Surface of the Earth are dete Mie 

according to Longitude and Latitude, A Su ens 

The Meri- of the Æquator, paſſing thro' any Place on the u, 
dian of a Surface, is called the Meridian of that Pla; the 
Place. both 


cauſe that when, by the Rotation of the Eart) k 
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tain Point where ſome fix'd Meridian paſſes, 
h is called the firſt Meridian, and the Meridian 
he Place. The ancient Geographers made the firſt 
ridian paſs thro? ſome known Place, which was as 
ard as they knew, and from thence they 
oned the Longitude of all Places conſtantly Zaft- 
{: But fince by Navigation it has been diſcovered 


$ the there is no Place in the Earth that can be eſteem- 
eclines e moſt /Ye/terly, ſo that there is not another more 
ence rd beyond it, this way of computing the Lon- 
on. de from a firſt Meridian hath been generally laid 


; and now each Geographer determines the Lon- 


ee of Places in regard to the Longitude of the 
ther, e City of the Country where he dwells. The 
S - tude of a Place is an Arch of the Meridian of that 
al tou 


intercepted between the Place and the Æquator, 
is either North or South, as the Place lies on the 
bor South Side of the Æquator. 

Dy the Inhabitants of the Earth compared with 


ms t another, in regard to their Meridians and Paral- _ 
** ſome are called Periqci, that live under the ſame 70 perl - 


ace d ridian; both of them have the Scaſons of the 
tuo r the ſame, the Sun by its annual apparent Mo- 


coming to or receding from the Vertex of both 


Jeaven ee their Turns of Night and Day, fo that when 

ude, u | Mid-day to the one, it is Mid-night to the other, 

1 es again are called Autœci, whoſe Habitations The An- 
wa tl 


ri, the Plane of that Meridian comes to paſs Lecture 
» the Fun, then the Inhabitants under this Meri- XVIII. 

\ have Mid-day. The Longitude of any City or 
is an Arch of the Equator intercepted between The Longi- 


EET 


alle), but in the oppoſite Semicircles of the ſame c. 


es at the ſame Time of the Year ; but they 


in the fame Semicircle of the Meridian, but in tœci. 

lite Parallels, and both of them have Mid-day 

Mid-night at the ſame Inſtant of Time ; but the 

Ins of the Year are different, it being Summer to 

> When it is Winter to the other. Laſtly, there , 
the Antipodes, whoſe Habitations being ſituated 7% Anti- 
both oppoſite Parallels and oppaſite * podes. 

2 av& 
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Lecture have their Feet directly oppoſite to one another 
XVIII. Line paſſing thro? the Center of the Earth; ay 

[ mnase not only their Days and Nights directly coy 
but alſc the Seaſons of the Year: When it i 

mer in the one, it is Winter in the other Plaa 


when Mid-day in the firſt, the ſecond reckon; at 
niht. may 
The five THE four leſſer Circles in the Surface oy pr. 
Zones. Farth's Globe, which lie directly under the hole 
of the ſame Name in the Heavens, viz. the tu Zorn: 
picks and Polars, divide the Earth into five M N upo 
which are called Zones; of which the Torrid Spac 
which is bounded on each Side by a Tropic, r tv 
believed by the Ancients to be not habitable, M ble, 

ſon of the violent Heats : But our modern or, 
lers and Voyagers have diſcovered this Tra& u that 
Earth's Surface to be the moſt fruitful and ein 

of all, abounding not only with the Things es, 
neceſſary, but ſuch likewiſe as conduce to e rou 
faction and Pleaſure of Life; upon which A iſhed 
it is very well ftored with Inhabitants, Then on, b 
two cold Zones which the polar Circles comp e F 
in the Middle of the one lies the Arctict Pale, d el to 
other the Antarctic, and in them the Cold is , th 
ceſſive, that they are ſcarcely habitable, edu 
' theſe, between the Frigid and the Torrid Zo, ical 
each Hand lie the two temperate ones; that on but 
North is poſſeſſed by us, the other our Antipode: wh is t 
Virgil elegantly deſcribes theſe five Zones. Star 
| co 
Duingue tenent Cæœlum Zonæ, quarum una am, i: 
Semper Sole rubens, & torrida ſemper ab in; . w : 
Duam circum extreme dextra levaq; trabunti, p, 1 
Cœrulea glacie concrete, atg; imbribus airis, i 
Has inter mediamg; due mortalibus egris \ an 
Munere concęſſæ Divuin, e, u 
erab 
The Am- Tux Inhabitants of the tor rid Zone are called 


phiſcii. Pbiſcii, having their Meridian Shadows at i 


J 


another 

of the Year projected towards both Poles ; Lecture 
My chen the Sur comes to be Vertical to them, then XVIII. 

n it is ave no Shadow, and are Aſcii or Shadowleſs ,.. 


ng that ſtands perpendicularly upwards having a The Aſcii, 


<ckons at Noon. We who live in the temperate 

may be named ZHeteroſcii, having our Meridian The Hete. 
face projected only towards one Pole throughout roſcii. 
" the (Whole Year. But the miſerable People of the two ö 
he tw Zones, are called Periſcii, becauſe the Sun not The Peri- 
ve upon them, their Shadow turns quite round c. 


Space of twenty-four Hours. 


>, 1 E two Circles which we conceive to be im- 
ble, be, and determined by their reſpe& to the 
mm or, are the Horizon and Meridian. The Huori- 
at i chat great Circle which any one, when he is 


in a large extended Plane, or in the open Sea 


le Horizon, from which the rational Horizon, The HFori- 
el to it, is diſtant by the Semidiameter of the zon /enf- 
þ, thro' whoſe Center it paſſes: For the Aſrono- ble and ra- 
reduce the Appearances of the Heavens to a tional. 

ical Surface, which is not concentrical to the 

but to the Earth. 

is true, theſe two Horizons, produced to the 

Stars, will appear to coincide into one, ſince the 

compared to the Sphere in which the fixed Stars 

Ir, is but a Point; and therefore the two Circles 

hare but a Point diſtant from each other, may 

ell conſidered as coinciding into one. There are 

Pales of the Horizon ; the one is the Point of the 

'ens which is directly over the Head of the Spec- 

and is called the Zenith; the other directly op- Zenith and 
e, under his Feet, is named the Nadir; and in- Nadir, the 
erable Circles, drawn thro' theſe Poles to the Poles of 
wn, are ſtyled Vertical Circles or Azimuths. A- the Hort 
ly them there are two particularly remarkable, n. 

of which is the Meridian, and the other is the 

P 3 Prime 


gs that es, terminating or bounding his Sight every 
o the\ round him, by which the viſible Heaven is di- 
Ac iſhed and ſeparated from the inviſible, This 
Then n, being diſcovered by our Senſes, is called the 


Mi, 
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Lecture Prime Vertical; the firſt paſſes thro' the Poles of 4 
XVIII. Equator and the Zenith, and cuts the Horizon int 
Points of North and South ; the other paſſing thiot 
The Verti- Zenith cuts the former at right Angles, and ml 
cal or Azi- upon the Horixon the Points of Eaf? and Meſt. Ti 
muth Cir- Circles devide the Horizon, at their Interſe&tons 
clas. it, into four Quarters, each of which is again {ij 


vided into eight Parts; and conſequently the wi 
Herizon is divided into thirty-two Parts, which the 
| called the Rhumbs or Points of the Compaſs, „ fl 
The Alti- THE Altitude or Depreſſion of any Star i TIGHAT 
tude or De- Arch of the Vertical intercepted between the Nona 
preſſion of zn and the Star. ALT 
a Star. AGAIN the Azimuth of a Star is an Arch df. ar 
3 3 Horizon, intercepted between the Points of M. een 


South, and the Point where the Vertical paſſing th 
the Star cuts the Horixon, and is either Eaftrh 
W/terly. The riſing or ſetting Amplitude of a 
is an Arch of the Horizon intercepted between 
Points where the Star riſeth or ſetteth, and 4 
The Ampli- Points of Eaft or Weſt ; and this Amplitude is it 
zuae, North or South, according as the Star, at riſing 
ſetting, is to the North or South of thoſe Points, 

As in the Horizon all the Stars firſt appear ut 

diſappear, ſo in the Meridian Circle they all art 

their greateſt Height or Altitude, where they af 
TheCulmi- to Cutminate ; ſo likewiſe they are at their great 
nation. Depreſſion below the Horizon, when they ative 
the ſame Meridian, Now ſince the Meridian m 

Right Angles both with the AÆquator, and 

it will divide the Segments of the AÆquator and 

Parallels, as well thoſe that lie above the Herm 

thoſe which are below it, into equal Portions; & 

therefore the Time between the riſing of a Star, ! 

its Culmination or Arrival at the Meridian, vil 

equal to the Time between this Culmination nd! 

petting ; and becauſe the Sun every Day deſert 

ſome Parallel by its apparent diurnal Motion, un 

the Sun comes to the Meridian at any Time, it 


be then Mid-day ; and Midnight, when be at 


Star. 
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he Hora. 
ry Circles, 


PlateXVI R 
Fig. 4- 


Circle be conccived eutting the EquinoRial i 
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Circle of the firſt Hour. In- like Manner, if ax 


thirtieth Degree from the univerſal Meridian, 
will be the Circle of the ſecond Hour; and y 
the Plane of the Meridian of the Place cons 
coincide with it, it will be in that Place Two dt 


Clock in the Afternoon. After the ſame Mu be 
if thro' the Poles, and every fifteen Degrees dt, 

Aquator, we conceive Cireles to paſs, they ac, f 
led Horary Circles; and they will divide the ZulWadra 
noctial into twenty-four equal Parts, and a 3 
them in its Order will determine the Hour th both, 
to be reckon'd in a Place, when the Plane of a) the 
ridian of that Place comes to coincide with that ( qual 
cle. So, for Example, when the Meridian d Hur 
Place comes to the Circle which makes ſeveni Hrn 
Degrees with the univerſal Meridian, the Hou inter: 
counted in that Place will be the fifth from Na m 
But when the Meridian of the Place makes an 4 dire 
gle of ninety Degrees with the Meridian paſſing ere 
the Sun, then it will be the ſixth Hour. But, « the 
the other Hand, if we ſhould imagine the Mea nde 
of the Place to be immoveable, and that a nde 
paſſing thro' the Poles and the Sun ſhould, tote Ea 
wich the Sun, turn round the Axis, as it appant 5 t 
do; when the Plane of this Circle, in which e ch 
Sun reſides, coincides with a Circle that male: Mil 
Angle of fifteen Degrees with the Meridian of ett 
Place W:/tward, it is then the firſt Hour after Mich 


day; and the Circle with which the Circle palin 
thro' the Sun and Poles does then coincide, is cal 
the Circle of the firſt Hour. The next Circk t 
this, which makes an Angle of thirty Degrees wi 
the Meridian of the Place, is the Horary Circle | 
Two of the Clock; and that which makes an Al 
gle of forty-five Degrees with the Meridian ef tt 
"ah is the Hoerary Circle for Three of the Cl 

c. 

In any Place of the terraqueous Globe, tte 


Height of the Pole above the Horizon is * 0 
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if bude of the Place. Let the Circle HZ Q be the Lecture 

Rial in idian, HO the Horizon, A C Q the Aquator, XVIII. 

1dian, the Zenith, and P the Pole: The Elevation f= 
and yi Pole, or its Diſtance from the Horizon, is the 

come ch PO, the Latitude of the Place or its Diſtance 

"wo din the Equator is Z K. And becauſe the Arch 

e Mu r between the Pole and the Æquator is a Qua- The Height 


nt, or fourth Part of a Circle, and the Arch //the Pole 
O, from the Zenith to the Horizon is likewiſe a ve the 
adtant, theſe two Arches Z A and PO muſt be Horizon 7s 


Wy are . 


the fy 

id ed al. Take away the Arch Z P, which is common 2 7" 
Dur tha both, and there will remain the Arch Z Z equal 7 3 f 
> of al the Arch PO; that is, the Latitude of the Place, % Place. 
1 that qual to the Altitude or Height of the Pole above | 


Horizon. 
excz we have a Method of meaſuring the Cir- 


lan of 
venty-i 


Hour inference of the whole Earth, and of knowing 
om Nog many Miles it is round the Earth: For if we 
es an A directly Northward till the Pole be elevated one 
ſling ere higher, and then if we meaſure the Length 
But, q the Way we have gone Northward, and have the 
mber of Miles it contains, we ſhall have the 


mber of Miles in a Degree of a great Circle of 
Earth's Globe; and this Number multiplied by 
„ the Degrees in the whole Periphery, it will 
e the Length of the Circumference of the Earth 
Miles. By the moſt accurate Obſeryations, the 
eth of a Degree is found to be 6g Engliſb Miles, 
ich was commonly reputed to be only 60 Miles, 


Lefture erefo! 
XIX. es ; 
Ty TC Po SW = 7z 
— — \ lh NN S 2 ts 4, 7 5 D Ws *\ ug | 


LN P TURN 
Of the Doctrine of the Sphere, 


HE Angle contained between thef 
4 quator and the Horizon, is meaſu 
by the Arch of the Meridian & 
W which is the Complement of the 
Ay titude to a Quadrant. And ther 
if that Angle be right, the Latitus 
the Place will be nothing, or the Place will be. 

the Equator; or the Æquinoctial Circle will ꝝ 

thro? the Vertex of the Place, and all the Pant 

of the Æquator will be perpendicular to the Hori 

and therefore this Poſition of the Sphere is call 

Right Poſition, in which all theſe Parallels ar 

by the Horizon into equal Portions ; whence the & 

are as long above the Horizon, as they lie hid ut 

it: Here likewiſe the Poles lie in the {or:zm wit 

out any Elevation, as is manifeſt by the Fig 

where the Point of the Æquincctial A is in d 

Vertex, and the Poles Pp, in the Horizon. ii 

PlateX VI. go from the Aquator towards either of the [vl 
Fig. 5. the Aquator will then appear to depart from ® 
Vertex or Zenith, and to come nearer to the fin 

Ar oblique zon, making with it an oblique Angle; whence ſud 
Sphere; or Situation is called an obligue Poſition of the Sphere,i 
an oblique the Pole towards which we move, doth riſe m 
Poſition of and more above the Horizon, the nearer we apps 
thesphere. it; its Elevation being alway equal to the ant 
of the Place, while the other continues as much & 

Fig. 6. preſſed below it. The Figure does clearly ſhev v1 
ſort of Poſition, which we and all that live n 
temperate Zones obtain, where the Equator A 


is biſected by the Horizon, as it is in a right Spin 


Where 
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refore when the Sun, by his apparent diurnal Lecture 
on, deſcribes this Circle, it makes the Day XIX. 
to the Night; but the Parallels of the Equator, Wanymmd 
is Oblique Poſition, are not cut into two equal 

; by the Horizon ; but thoſe which are towards 

gevated Pole, each of them have a greater Por- 

above than under the Horizon And as each Pa- 

| is nearer the Pole, ſo much the larger Portion 

W hands above the Horizon, But when the Di- 


1 the of the Parallel from the Pole becomes leſs than 


meaiu Elevation of the Pole, or the Latitude of the 
n A e, then that Parallel, and all thoſe included 
F the in it, are wholly above the Floriaan, no Part of 


atituge 
ill be! 


will u 


— — CT EET _— _ 
— — w 3 — 
- - — — — — 
7 - 
_ — — — — — 


n ever ſetting under it. The contrary happens 
he Parallels which lie towards the depreſſed Pole, 
Waller Portion of them being above the Horizon, 
the greater Part ly ing under it. And thoſe Pa- 
b, which are nearer to the depreſſed Pole than 
Latitude of the Place, remain perpetually, toge- 
with the Stars included within them, under the 
m, and are never viſible to tis, Hence it is 
eſſary, ſince the Sun each Day deſcribes, by his 
arent diurnal Motion, ſome Parallels, that from 
Vernal Æquinox to the Summer Solſtice, the 
ys growing longer and longer, will be continuall 

's 1n er than the Nights; after the Solſtice, tho' the 
s continue till the Autumnal Equinox to be 
er than the Nights, yet they become ſhorter and 


W 3300 © Td 
2 7 8 — 


from d er, and at the ZEquinox, they but juſt equal the 
* phts: From thence to the Winter Solſtice, the 
ce ſu 


ys centinually become ſhorter than the Nights, 
| are the ſhorteſt when the Sun is in that Solitice 
s the Sun leaves it, they inceaſe again, and in 
Vernal Æquinox the Day is as long as the Night. 


a in Obligue Sphere the Stars all obliquely riſe 
nuch et. And as the Right Aſcenſion of a Star is the 


ch of the Æquator contained between the firſt of 
e and that Point which comes to the Meridian 
the Star, or that Point which in a Right Sphere 


8 with the Star: So the Oblique Aſcenſion is the Oblique 
| : Arch Afcenſion. 


t 9 b 
Where 


3 ——-„V 
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Lecture Arch of the Æquator between the firſt of 4;;, 

XIX. that Point of the Æquator which riſes together; 

the Star in an Obligue Sphere, and numbred 5 

Weſt to Eaft, which, according to the Obliquy 

The Aſcen- the Sphere, is various. The Difference between 

fional Dif- Right and the Oblique Aſcenſion is called the 4 
ference. © ſonal Difference. 

In an Obligue Sphere there is one Parallel 2 n 
diſtant from the elevated Pole, as the Place ish 
the Equator, which is called the Circle of Pan 

The Circle Apparition, or the biggeſt of all thoſe which conf 
of Perpe- appear; which is ſuch, that all Stars incloſed wi 
tual Appa- it never either riſe or ſet; though they ſomety 
FIUON, riſe higher, fometimes deſcend lower towark | 
Horizon, Towards the other Pole, there is 250 
Circle oppoſite to this, which is the Circle of P 
tual Occultation, within which all the Stars that 
contained never riſe, but conſtantly lie hid ul 
the Horizon, and ſo are not to be ſcen. 

Ir the Æquator makes no Angle with the H 
zon, bat thoſe two Circles coincide ; in ſuch 20 
ation the Pole and Vertex coincide, and all tie! 

| rallels of the Æquator become Parallels to the A 
A Parallel zan; and ſuch a Situation is called a Parallel $6 
Sphere. in which no fixed Stars do ever riſe or ſet, but u 
round in Circles parallel to the Horizon. And d 

Plate XVI. the Sun enters the Æquinoctial, it then glids f 
Fig. 7. whole Day along the Horizon. When he re it 
wards the elevated Pole, he never ſets, but maks 

very long Day of ſix Months: But when he g 

from the Æquinoctial towards the depreſſed Pole, 

never riſes, and then there is a conſtant Nigit 

ſix Months Length. This Poſition of the She 

longs only to them who live at the Pole, if any 4 

ſo miſerable as to have ſuch a Place for their Hab 

tation. 

Climates THe ancient Geographers divided the Eart)) 
ard Pa- Climates and Parallels; for they who live under l 
rell./s.. Agquinoctial, being in a Right Sphere, have tt 
Days and Nights equal: If we remove from th 

tOWars 


ads eit 
than 
pole, t 
Night, 
e unde 
t at a 
Farth 
increa 
el w. 
eſt Da 
a Qua 
Paralle 
oning 
| Para 
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ns either Pole, the Days in Summer become Lecture 
than the Nights, and the nearer we approach XIX. 


ther off ole, the greater is the Difference between Day 
ed iht, when the * is at the longeſt; till we 
iquin Me under the Polar Circles, where there is no 
ven tat all. Hence the Geographers did ſo divide 


Farth by ſuch Parallels, as made the longeft 
increaſe by Quarters of an Hour; that is, each 
nel was ſo far diſtant from the next, that the 
ef Day in the more remote from the Equator, 
a Quarter of an Hour longer than that Day at 
Parallel nearer to the Equator : And therefore 
oning the ZEquator as the firſt Parallel, the ſe- 
Parallel paſſed thro' thoſe Parts of the Earth, 


rethe longeſt Day was twelve Hours and a Quar- 
s 2no Wong. Under the third Parallel, the longeſt Day was 
of e Hours and two Quarters. In the fourth, the 
that 2 t Day was twelve Hours and three Quarters, 


Nom two ſuch Parallels made up a Climate, 
h were therefore diſtinguiſhed by the longeſt 
„ increaſing half an Hour from the one to the 


1 2 ar. Now the Exceſs of the Solſtitial Day above 
| thel ve Hours may grow ſul] bigger, til] we come 
We the Polar Circle, where the Sun not ſetting, 
( 


es the Day twenty-four Hours long, which is 

ter than the Æquinoctial Day of twelve Hours 
twenty-four half Hours, or forty-eight Quarters 

n Hour, From hence we gather, that the Num- 

of Climates between the ÆEquator and Polar 

es muſt be twenty-four, and the Number of the 

ulels forty-eight. 

EECAUSE the Civil Year of the Ancients did not The R:i/ing 
p Pace or agree with the apparent annual Motion «ndSetting 
e Sun; having the Day of the Month, and the of the Star 
Ir when any memorable Action fell out, it could Coſmical, 
te from thence immediately known in what 4 — 
Ion of the Year it was done, And therefore, Hel i Fo "iy 
Zart the Husbandmen ſettled the Times for the ſe- 


under ' il Ciſtin&t Parts, of their Buſineſs, they could not 
ave 4 it out that Time by a certain Day of their Aa- 
m a 


lendar ; 


Lecture lendar; for the ſame Day of the Month wi, 
XIX. ways in the ſame Seaſon of the Year : But it wil 
ny I ceſlary to have more certain Characters and! 
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to diſtinguiſh Times; and therefore the Wi 
Husbandry, Hiſtorians and Poets, had rec 
the Rifings and Settings of the Stars, by th 
mark out the Times, And of theſe Rifings 2 
tings they reckoned three Sorts, viz, The (4 
Achroniral and Heliacal, A Star is ſaid to rig, 
Cofmically, which riſes or ſets when the Sun ik 
that a Star which riſes or ſets in the Mornip 
or ſets Coſinicaly. A Star riſes Achronicalh, we 
riſes while the dun ſets, that is, in the Evening ut 
is in Oppoſition to the Sun, and is viſible all Ng 

A Star riſes Heliacallh, when after it has by 
Conjunction with the Sun, and on that Accou 
viſible, it comes to be at ſuch a Diſtance fron 
as to be ſeen in the Morning before Sun riſig of 
the Sun, by his apparent Motion, recedes fr Wi 
Star towards the Eaſt, But the Heliacal ſtir 
when the Sun approaches ſo near a Star, that ii 
it with his Beams, which keep the fainter Lit 
the Star from being perceived. And there 
Heliacal riſing and ſetting is rather an Apparitia 
Occultation, than a Rifing and Setting. 

ALL the 2 Stars in the Zodtach, 28 l 
the ſuperior Planets, Mars, Fupiter and Satun, 
Heliacally in the Morning a little before Sun m 
and a few Days after they have ſet Coſmicaly;! 
cauſe the Sun in his apparent Motion gets 
them, moving faſter Ea/tward : But they ſet Hu 
in the Evening a little before their Achronical 
But the An, whoſe Motion Eaftward is in 
quicker than the apparent Motion of the Su, ! 
Heliacally in the Evening, after the new Mn 
Change, when it can be firſt diſcovered at ni 
ting; but the Moon ſets Heliacally in the Mer 
when the Moon is old and approaching to a C 
The inferior Planets, Venus and Mercury, ® 
ſometimes ſeem to go W:ftward from the " | 
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es again have a quicker Motion than he Eaſt- Lecture 
riſe Heliacally in the Morning when they are XX. 
ade; but when they are direct in their Mo- Conn 
they riſe Heliacally in the Evening. 

order to obſerve the Altitude of the Sun, or any How to ob- 
we uſe a moveable Quadrant E A D, with /erve the 
WSichts A, B, or a Teleſcope placed along one Altitude of 
WT Sides, and a plumb. Line A C hanging from the Sun, of 
er. The Quadrant being placed in a Verti- 9 © Star. 
ne, muſt be turned upwards: and downwards, 

We Rays of the Sun, paſſing thro' the Hole of 

Sight next the Center, fall upon the Hole 

W other ; or till the Sun's Image appears in the Plate 

Wof the Teleſcope; and then the Quadrant be- XVII. 
Wot in this Poſition, the Plumb Line or Thread, Fig. 1. 
Whew the Arch E C, which meaſures the Alti- 

f the Sun. For produce A C to the Zenith 

et A H be an Horizontal Line. The Angles 

and Z A H are equal, being both Right; but 

Wncles BAC and Z AS are likewiſe equal, 

Wecing vertical to each other: Wherefore taking 

Ws £qual Angles, there will remain the Angle 

cqual to the Angle SAH. But the Arch 
Wmcaſures the Angle EAC, and the Arch of 

Wertical between the Sun and the Horizon mea- 

tic Angle SA H; and therefore this Arch or 

W's Altitude, and the Arch E C, are ſimilar 

Wc Arches, But if the Height of a Star be to 
erved, inſtead of the Irradiation of Beams as in 

, we muſt look thro' both Sights, or the Te- 

for the Star; and when we can fee it, then 

read will ſhew the Altitude of the Star. The 

an Altitude of the Sun or Star is known by 

ing when the Altitude is greateſt ; for then the 

Ir Star attains his greateſt Height, being then 
Meridian, 

WE Knowledge of the Latitude of the Place is 
bundation of all A/ronemical Obſervations, with- How to ob- 
hich We can know nothing; and therefore it gere th- 
accurately to be obtained: And becauſe we Latitude 
have of a Place, 
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Lecture have ſhewed the Altitude of the Pole to be: 


XIX. qual to the Latitude, we can beſt find our ly 
LA) by obſerving the Pole's Height; but becauſe tt 


is only a Mathematical Point, and no want % * 
perceived by our Senſes, we cannot find its þ 1 
by the ſame Method as we did that of the 2p 
Stars. And therefore we muſt take another N INTE 
The Irven- finding it. And firſt we muſt find the Sectio aley 
tion ft the Plane of the Meridian with the Horizon, whit will « 
Meridian tion is called the Meridian Line. This is & ence 
Line. by erecting a Gnomon or Perpendiculat upon t Zeni 
rizon in order to caſt a Shadow; and it th AVIN 
of the Gnomon, at that Point which is direchha the 
the Top-Point, which caſts the Shadow, ther = 


be deſcribed a Circle, on whoſe Circumferani 
Shadow of the Top-Point may fall before M 
and that Point of the Circumference where til 
dow comes, muſt be carefully marked. Again 
Mid-day obſerve the Point where the Shadowan 
again to the ſame Circumference; and let th 
between the two Points of the Shadow be bit 
cr cut into equal Parts. A Line drawn ſm 
Center to the Point of Biſection will be the le 
dian Line: For the Sus before and after Wa 
being equally high, is equally diftant from tel 
ridian, or is in two Vertical Circles, which ml 
on each Side equal Angles with it. Place th 
the Quadrant on the Meridian Line, ſo that ivtw 
may be in the Plane of the Meridian; and th tl 
ſome Star near the Pole, which never ſets, and un 
both its greateſt and leaſt Altitude. Let the gas 

Plate be SO, and the leaſt s O; the Difference of ther 
XVIt., titudes is the Arch 38, the half of which PS 1 70 
dieducted from the greateſt Altitude 8 O, or ad" 
the leaſt s O, will give PO the Altitude of te 
above the Horizon, which is equal to the Latiti#* 
the Place. If the Declination of the Sun be kn 
we may find out the Latitude of the Place iꝑ th lu 
ner: Obſerve the Meridian Diſtance of t#$1n i 
the Vertex or Zenith, which is always the CompK p 
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i Altitude; and add to this the S's Declina- Lecture 
when the Place and he are on the ſame Side of XIX. 
quator; or ſubſtract the Declination when they wy 
in different Sides, the Sum or Difference is al- 
equal to the Latitude : But when the Decli- 

of the Sun is greater than the Latitude of the 
„ which is known from the Sun's being nearer 
elevated Pole than the Vertex of the Place is, 
will often happen in the torrid Zone; then the 
rence between the Sun's Declination and the 

Zenith Diſtance is the Place's Latitude. 
Avid e once found out the Latitude of the Hoa 10 ob. 
, the Obliquity of the Ecliptick, or its Incli- re the 
n to the Equator is eaſily obtained, by obſerv- Obliguiry 
bout the Summer Solſtice the Sur's leaſt Di- V the E. 
from the Vertex: If this Diſtance be ſub- /#ftich, 
d from the Latitude of the Place, when the 

is nearer to the Pole than the Sun is, the Re- 
ler will ſhew the greateſt Declination of the 
which is equal to the Obliquity of the Ecliptick, 
Aſtronomers make the greateſt Declination of 
Wn, or the Obliquity of the Ecliptick to be 
Degrees; but the more accurate Obſervations 
- modern Aſtronomers ſhew it to be one Mi- 

$; 8 

the fame Method, the Declination of the Sun How 79 
y Day, or that of a Star may be taken; for fndtheDe- 
the Sun or Star is nearer to the Equator than ination of 
ten ul Face, take the Difference between the Latitude the Sun or 
Place and the Meridional Diſtance of the Sun car. 
or from the Vertex, and we ſhall have the De- 
tion : But if the Vertex of the Place lie between 
un or Star and the Equator, then the Sum of 
two Quaintities is the Declination. 
AVING the Declination of the Sun, it is eaſy to 79 fnd the 
his right Aſcenſion and Place in the Ecliptick, Sus right 
he Solution of a right angled ſpherical Triangle. Aſcenſſon. 
let A Q be the Aquator, E C the Ecliptick, Plate 

Sun; from which let fall on the Æquator æ XVII. 
e of Declination S D, and then the Arch S D Fig. 3. 


. will > 


226 ASTRONOMICAT 
Lecture will be the Sus Declination, And therefore; 
XIX. right-angled Triangle E S D we have 8 D ar 
Loyd Angle : We can therefore from thence find 
ſpherical Trigonametry, the Arch A D, which i 
right Aſcenſion of the Fun, and A S, which; 
his Place in the Ecliptick; and likewiſe the | 
ES D, the Inclination of the Circle of De 
tion; or of the Meridian with the Ecliptick 
likewiſe in the right-angled Triangle AE SD, 
have the Side E D, which is the right Aſc 
the Angle A being conſtant and known, we 
eaſily find the Side 8 D, which is the Declinatin 
the Point of the Ecliptick 8, which comes 
Meridian together with D, and is then cally 
Medium Cali, or Mid-heaven ; as alfo the 
ASD the Inclination of the Meridian to the; 
tick. Or laſtly, if & S the Longitude of the] 
S be known, we can from it find its right Afi 
and Declination, together with the Angle Ds, 

the Ecliptick and Meridian. | | 
The ap- Ir the Declination of the Sun by the Methdl 
parent Mo- have ſhewed be daily obſerved, we can from tt 
tion of the colle& the apparent Motion of the Sun in the Id 
Sun in the tick, which is always equal to the Motion the 
Ecliptick is really has in the ſame Time. Now, by Obe 
27 aas tion, we find that the Sun does not move equath, 
; always with the ſame Velocity in the Ecliptick: 
therefore the real Motion of the Earth muſt be 
equal, and not conſtantly the ſame ; in the dum 
Solſtices the Earth has a flower Motion, in thel 
ter Time it moves quicker : And this happens 
cauſe the Earth by its real Motion is carried it 
Perimetet of an Ellipſe, which has the Sun in 
of its Foci ; round which it revolves in ſuch a 
ner, that a Line drawn from the Sun to the 5 
and by an angular Motion carrying the Zarto ü 
with it, doth always ſweep or deſcribe El 
Area's or Spaces proportional to the Times in . 

they are deſcribed. | 


Hal 


fore vine the Plate of the d in the Ecliptick, Lecture 

D ani the Help of it, and a good Pendulum Clock, we XIX. 

e fu and the right Aſcenſions of all the Stars : For | 
nich zh Purpoſe the Motion of the Clock muſt be ſo To find the f 
bich aged, that the Hand may run thro? the twenty- right Aſ- is, 
the Hours in the Time that à Star leaving the Me. cenfron of 1 


i will arrive at it again; which Time is ſome- the Stars, 


„ and mark the Hour and Minute that the Hand 
u ſhews : The Hours and Minutes deſcrib'd by the 
kx, turn'd into Degtees and Minutes of the - 
tor, will give the Difference between the right 
enſion of the Sun and Star; which Difference, be- 
added to the right Aſcenſion of the Sun, will give 
right Aſcenſion of the Star. Now if we know 


— 


ptick it ſhorter than the natutal Day, becauſe of the 1 
d D, the n moves thro in the mean Time Eaft- by 
Aſc The Clock being thus adjufted, when the 7 
„ We is in the Meridian, fix the Hand to the Point, ly 
Linatig whence we are to begin to reckon our Time; lv, 
ies u then obſerve When the Star comes to the Meri- { 


- 
— = —— — 


Heth naht Aſcenſion of any one Star, we may from it 
om dhe right Aſcenſions of all the others which we 
the M by marking the Time upon the Clock between 


Arrival of the Star, whoſe right Aſcenſion we 
dw, to the Meridian, and another Star, whoſe Aſ- 


qu en is to be found. This Time converted into 
tick: s and Minutes of the Æquator, will give the 
uſt b: rence of right Aſcenſions; from whenee, 

0 


tan, we collect the right Aſcenſion of the Star 

th was to be found out. 

But by knowing the right Aſcenſion of one Star, The right 
right Aſcenſions of the reſt are eaſieſt found by ſcenſion af 
following Method; where there is no need of ene Star be- 
ing till the Stars come to the Meridian. We on- 2 known 
ule 4 Teleſcope, in whoſe Fecks there are fixed % /'%” 
Threads extended, two of which, as A B, CD f 
one another at right Angles, and the other two right Af: 
„H make half-right Angles with the former cenfions of | 
„at their common Interſection O: Then the % 747. WW 
eſcoye is to be directed to a Star, whoſe right 
non and Declination are known. 

Q 2 AND 
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Lecture AxD then the Teleſcope is to be conſtantly yy 
XIX. till the Star be ſeen in the Line A B, ſoxinn 
rent diurnal Motion may be along that Line; 
Plate which Poſition the right Line A B will reyvy 
XVII. Portion of that parallel Circle the Star deſcti 
Fig. 4 being in a Parallel to its Plane: And berg 
Line CD cuts it at right Angles, it will rn 
ſome horary Circle. Fix then the Teleſcqqe y 
firm in this Situation, and mark the Time «lf 
ing to the Clock, when the Star, whofe Aſcenky 
known comes to the Line CD. Then ain 
ſerve any other Star with the Teleſcope, whid 
appear to move in ſome Line L K that is pu 
to AB; and mark likewiſe the Time when it u 
to the horary Circle CD in Q. The Diffrag 
Times, between the Arrival of the firſt Star ty 
horary Circle, and the coming of this laſt 5. 
fame, converted into Degrees and Minutes  t 
Equator, will give the Difference of their ft 
ſcenſtons : And therefore if the right Afcenia 
one of them be found, we may from thence cl 
the right Aſcenſion of the other. 
BECAUSE the Angles Q H O and QO Hara 
being each half a Right, Q H will be equal to C 
Now if we mark the Time between the coming | 
the Thread O H, and its touching the Thread UQ 
we ſhall have the Time the Star takes to deal 
the Portion Q H of the Parallel. This Time bei 
turn'd into Degrees and Minutes, will give the Nu 
ber of Degrees and Minutes of the Portion Q 
But the Arch of the horary great Circle is «qui 
this Arch Q H. Now in unequal Circles the 
grees and Minutes that equal Arches contain at 
ciprocally as the Radii or Semidiameters of the Cc 
as we ſhall ſhew hereafter. As the Radius there 
of the great Circle is to the Radius of the Put 
LK (which does not ſenſibly differ from the ki 
of the known Parallel A B) that is, as the Rudi 
to the Sine of the Stars Diſtance from the Pol, 
the Number of Degrees and Minutes in the M 
H Q of the Parallel, to the Number of 2 
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ty tes in the Arch O Q of the great Cirele; which Lecture 
se will be known by the Rule of Proportion. XIX. 


QO is the Difference of the Declinations of tnñe:.. 


which deſcribes the Parallel A B, and of that 
(cribs n deſcribes the Parallel L K; therefore from the 
cake ination of one of theſe Stars being known, we 


fnd the Declination of the other. And by this 


od the right Aſcenſions and Declinations of 
e 10 Stars may be obſerved, 
cena rn Ar in unequal Circles the Numbers of ſimi- 
vain, WF arts, as Degrees and Minutes, that are in Arches 


in Bigneſs, arc reciprocal to the Radii of the 
es, may be thus demonſtrated. Imagine two 
wal Circles, whoſe Center is C, and in them 
Arches B E, A F: Draw from the Center 


C E, cutting from the leſſer Circle the Arch 

t v The Arches A D and BE will contain equal Plate 
bers of Degrees and Minutes; and becauſe A F XVII. 
rejt E are equal, A D will be to A F 2s A D is to Fig. 5: 


But A D is to BE as CA is to C B; there- 
AD will be to AF as CA is to CB. But 
) is to A F as the Number of Degrees and Mi- 
in AD or in BE is to the Number of De- 


to O s and Minutes in AF. Wherefore the Number 

ming egrees and Minutes in BE is to the Number 

degrees and Minutes in AF, as C A is to CB; 

deal a reciprocal Proportion of the Radu of the 

me decles, Which was to be demonſtrated. 

he Nu a vin G the right Aſcenſion and Declination of Hawing 

n U ar, its Longitude and Latitude may be "found the right 
equal by the Solution of a ſpherical Triangle. For ima- 4/cenfron of 


ſe Section with the Equinoctial is V, and let 8% . 
Star, through which paſſes the Circle of De- | Tati 
ation PS F, cutting the Equinoctial at F: The ,,. 

1) F is the right Aſcenſion of the Star, and Plate 

ts Declination, Draw thr ough the Pole of the XVII. 
pick B and the Star the Circle of Latitude Fig. 6, 


Q 3 BS O, 


Lecture BSO, meeting; with the Ecliptick. in O: Th 
XIX. O wilt be the Longitude of the Stan, and 9 
3 Latitude. In the ſpherical Triangle BS P, w; 


The Longi- By comparing the Places of the fixed Sin 
tudes of the they wers delivered to us by the Antients, wit 
fixed Stars they now obtain, we find that their Latituk 
continually much the ſame they were formerly; but their la 


ASTRONOMICAL 


the Side P'S, which is the Complement of th 
clination, and the Side B P, which is equal u 
Arch. that meaſures the Inclination of the A 
and the Ecliptick : *Befides which, we have the 

which is meaſured by the Arch FQ the Cy 
ment of the right Aſcenſion; and therefore v 
the Angle BPS its Complement to two right ly 
And therefore in the Triangle B P:S; havin 
of its conſtituent Parts, we may find firſt the 
P BS, whoſe Meaſure is the Arch O C, A 
Complement to 2 Quadrant is the Arch 70 
is the Longitude of the Star. We can li 
from the ſame Things given, find the Ard] 
whoſe Complement to a Quadrant is 8 O, th 
tude of the Star. After the ſame Method, i 
Longitude and Latitude of a Star be known, 
from thence find its right Aſcenſion and Decin 


tudes or Diſtances. from the firſt of Y havin 
found to increaſe continually : Not that th uh 
have a real progreſſive Motion; but becauſe i! 
quinoctial Points have a Motion backwards, a 
Longitudes are computed from them. The lat 
tude of any fixed Star obſerved by the antient l 
nomers, compared with the Longitude it has 1 
ſent, ſhews the Quantity of this Regreſſion of tie 
quinectial Points to be about one Degree in 720 
By the Method we have ſhewed, the Longis 
and Latitudes of the fixed Stars are found, ad 
and their Places are ranked in a Catalogue; n 
being once eſtabliſhed, the Places of the Plants! 
Comets are eaſily known by Obſervation and 
putation. For if the Diſtances of any Planet or 
met from two fixed Stars of known Long + 
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determine the Longitude and Latitude of the 
or Comet in the following Manner: 


hoſe Diſtances from the ſame Stars are known 
Wbſcrvation, In the Triangle ABC, having 
and C B the Complements of the Latitudes of 
5 Stars, and the Angle ABC, whoſe Mea- 
the Arch E F, the Difference of Longitude 
> two Stars; from thence we may find A C 
diſtance of the Stars, and the Angle BCA. 
, in the Triangle A C we have all the Sides 
which we may find the Angle PCA; which 
ſubſtracted from B CA, will leave the Angle 
„ Laſtly, in the Triangle B C P, we have 
des B C, C P, and the Angle PCB; from 
we can find the Angle PB C, whoſe Meafure 
the Difference of Longitude of the Star C 
he Planet. We can alſo find the Arch PB the 
lement of the Latitude of the Planet, 

TER the ſame Method, if we have the Di- 
s of a Planet from two fixed Stars, whoſe right 
ons and Declinations are known, we may 
t the right Aſcenſion and Declination of that 


q 


t, 
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r EF be a Portion of the Ecliptick, whoſe Plate 
s B; and let A and C be two Stars, whoſe XV IT. 
Witudes and Latitudes are known, and P a Pla- Fig. 7. 
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LECTURE XX. 


Of the Twilight, and of the Refrafin 
the Stars. 


The Air ESIDES other innumerable (i 
makes the # niences which we receive frm 4 
OY Atmoſphere, we have this gret 


vantage, that while the Sun lin 
it makes the Face of the Hearn 
Firmament to appear lucid and 
for if no Atmoſphere ſurrounded and involr t 
Earth, only that Part of the Heavens would ax 
to ſhine in which the Sun was placed: And ae 
tor, if he ſhould turn his Back to the Sun, wi 
immediately perceive it 2s dark as Night; and gt 
in the Day-time, while the Sun ſhined, the leaſt: 
would be ſeen ſhining, as they do now in the d 
eſt Night; ſince in that Caſe there would k. 
Subſtance to reflect the Rays of the Sun to our I 
and all the Rays which do not fall upon ther 
face of the Earth, paſſing by us, would either il 
minate the Planets and Stars, or ſpreading then 
out into infinite Space, would never be reitdi 
back to us, | 

Bur ſince there is an Atmoſphere covering ! 
Earth, which is ſtrongly illuminated by the d 
reflects the Light back upon us, and mais ® 
whole Heavens to ſhine ; and that fo ſtrongly, il 
by reaſon of its Splendor, it obſcures the faint A 
of the Sters, and renders them inviſible, 


1 
3 


* 


a 


\ 
front © -2372 % 
Fig. 3. 
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there were no Atmoſphere, the Sun immediately 
his ſetting, would ſhine as briſkly as at Noon; 


the Face of the Earth in as great Darkneſs as 


s of the Earth. But by means of the Atmo- 
it happens, that tho', after Sun-ſetting we re- 
vo direct Light from the Sun, yet we enjoy its 
Wd Light for ſome Time; fo that the K- 

pf the Night comes not ſuddenly, but by De- 
Por after the Earth by its Revolution round 
Wis has withdrawn us from the Sight of the Sun; 
pere which is higher than we are, will ſtill 
minated by the Sun; ſo that for a while the 
Heavens will have ſome of his Light imparted 
But as the Sun goes ſtill lower under the Ho- 
the leſs is the Air illuſtrated by him: So that 
he is got as far as 18 Degrees lower than the 
Won, he no longer enlightens our Atmoſphere, and 
Il that Part thereof that is over us becomes 


likewiſe in the Morning, as ſoon as the Sun 
within 18 Degrees of the Horizon, he begins 
to enlighten the Atmoſphere, and to diffuſe his 
through the Heavens: So that its Brightneſs 
ill increaſe, till the Syn riſes and makes full 
This ſmall Illumination of the Atmoſphere, 
Die of the Heavens between Day and Night, 
Wt: we call the Twilight, which is obſerved in 
orning before the Sun's riſing, and at Night. 
bis ſetting 3 in Latin it is named Crepuſculum. 
Wo make this plainer, imagine the Circle ADL 
We Surface of the Earth, in the Plane of the 
il Circle in which the Sun is when under the 


Wn of the Air that reflects the Sun's Beams: 
uppaſe the Eye to be on the Earth's Surface 
| : at 


a Moment, as ſoon as he is ſet, we ſhoulei 


1d be at Midnight: So quick a Change, and ſo 77e Canſe 
a paſſing from the greateſt Light to the great- of the Cre- 
WW kneſs, would be very inconvenient to the Inha- puſcles. 


dn, Let there likewiſe be another concentri- as 
cle CB M in the ſame Plane, including that XVIII. 
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Another 
Cauſe of 
the Twi- 
light. 


the Earth's Atmoſphere, which does not end t 


ſeem to be the only Cauſe of the Tuiliglt; u 
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at A, whoſe ſenſible Horizon is A N. Sing 
Line can be drawn to A between the Tangat 4 | 
and the Periphery A D, by the 16th of th; 
Element, it is plain, that when the Sun is un; 
Horizon, no direct Rays can come to the Ey 
But the Sun being in the Line C G, a Lire m 
drawn from him to C, ſo that the Particle (n 
be illuminated by the direct Rays of the Sin; wi 
Particles may reflect thoſe Rays to A, wher t 
may enter the Eye of the Spectator: And hy & 
Means the Beams of the Sur's Light illumimig 
innumerable Multitude of Particles, may by th 
be reflected to the Spectator in A, Let the Tup 
AB meet with the Surface of the Orb of Ar f 
reflects the Light in B; and from B dra II 
touching the Circle AD L in D, and let tk & 
be in the Line BD at S8: Then the Ray 50 
be reflected into B A, and will enter the by, 
cauſe of the Angle of Incidence D B E being 
to the Angle of Reflection ABE: And th wi 
be the firſt Ray that reacheth the Eye in tbe lin 
ing, and then the Dawning begins; or tle ul 
which falls upon the Eye at Night, when the 
fight ends. For when the Sun goes lower down, f 
Particles at B can be no longer illuminated, 
THE Reflection of the Atmoſphere dos n 


there is an Ætherial Air, or Atmoſphere, lien 
round the Sun, which ſhines after the Boch & 8 


Sun is ſet: This Orb of the Sun's Atmaſpber t 1 
ſing ſoones, and ſetting later than the Sun iti "mM 
ſhines out at Mornings and Nights in a cell te 
Figure, it being a Segment of the Sun's Am of! 
cut by the Horizon; and its Light is quit Par 
another Sort, than that which is made by the K ntal 
flection of our Atmoſphere, But the Duratio Me 1 
the Twilight that ariſes from the Sun's Aimſin | bec 
is ſhorter much than that made by the Reflectos 


the Sun comes to be 18 Degrees below the - 
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or thereabouts. But there can be no certain Lecture 
qs fixed for the Beginnings and Endings of the XX. 

vbts ; for their Lengths depend on the Quantity. 


atter in the Air which is able to reflec Light, 
Ex x A... the Height of the Atmoſphere. In the inter 7h, Tui. 
e Muy | ir, being condenſed by the Cold, is low ; and lights are 
le ( oi it Account the Twilights are ſooner over. In /bortcr in 
oy ummer the Air is rarified by Heat, and therefore I inter 
here t | higher, remains longer illuminated by the Sun, Van in 


t the Tiviliphts laſt the longer: Alſo the Du- Summer. 


of the Twilight is ſhorter in the Morning than 
Wen. We generally reckon that the Twilight 
1 ys of ends, when in the Morning the Stars of 
Art fx Magnitude difappear, or in the Evening 
- p they firſt come to be ſeen ; the Light of the 


before that rendring them inviſible, Ricctolus 
yed at Benonia, that the Morning Twilight, 


Ls, i: the Time of the Equine#ies, lafted an Hour 
ef 47 Minutes; but in the Evening two Hours, 
tht did not end till the Sun was 20 Degrees under 


Horizon: But in Summer the Morning Twilight 

three Hours and 40 Minutes long; the Even- 

Twilight ſcarcely ending till Midnight, | 

ENCE if we he the Time of Beginning of The Height 
Twilight in the Morning, or the End of it at the At- 
t, we may find the Height of the Air that re- moſphere 
the Light; ſor then the Twilight ends, when Hef, 
xy of Light from the Sun touches the Globe of? ©" Obs 
Earth, and is by the higheſt Air reflected to our“ vfb 
& ; For having the Time, we can find the De- N he, 
on of the Sun below the Horizon, and from 5 
ce the Height of the Air. For let SB bea 

of Light touching the Earth, which is reflected 

i Particle of Air in its higheſt Region, in the Ho- 

ntal Line AB; the Angle SBN is the Meaſure 

the Depreſſon of the Sun below the Horizon: 

| becauſe A Bis alſo a Tangent, the Angle A E D 

he Center is equal to the Angle SBN ; and its 

h that is, the Angle A E B is equal to half SBN, 

half the Depreſſion of the Sun. Suppoſe the De- 

preſſion 
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9790 Degrees, which would be true, did the bas 


And therefore the true Meaſure of the Angle {} 


Under the 
SEquator 
the Time 
of the 
Twilight 
#5 ſhort, 


Under the 
Potes they 


laſt ſome 
Months. 


The Circle 


termina- 


ting Twi- 


light. 


preſſion of the Sur, at the Beginning or End a g 


Sun is. 
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light, be 18 Degrees; then the Angle A EB yi 


paſs thro' the Atmoſphere without Refraction: By] 
cauſe it is refracted and bent towards H, we nu; 
miniſh the Angle AE B by a Quantity equi ut 
Horizontal Refraction, which is above half a Dn 


is 8 Degrees. Moreover, A E is to RH as tel 
dius is to the Exceſs of the Secant of the jy 
A E B above the Radius, that is, as 10000 i 
1110. Therefore if the Semidiameter of the I, 
be in round Numbers 4000 Miles, B H the Hy 
of the Atmoſphere, which reflects the Sun's Ray, 
be about 44 Miles; for as 100000 is to 1119, þ 
4000 to 44, 

Iv a right Poſition of the Sphere the Tilt. 
quickly over; becauſe the Sun deſcends conky 
nearer in a Perpendicular ; but in an oblique ye 
they laſt longer, the Sun deſcending oblique; a 
the more oblique the Sphere is, that is, the pra 
the Latitude of the Place is, ſo much the longe | 
the Twilights : So that all they who are in abor 
Degrees Latitude, in the Summer, near the Soli 
have their Atanoſphere illuminated the whole Ni 
and the Twilight laſts till the Qun-rifing, Without a 
compleat Darkneſs. 

In a Parallel Sphere the Twilight laſts for fot 
Months, ſo that the Inhabitants have either thed 
rect or . reflex Light of the Sun for almoſt al tl 
Year, 

Ir below the Horizon you conceive a Circle to 
drawn parallel to the Horizon, and at a Di 
from it, equal to the Depreſſion of the Sun 1 
End of the Twilight: This leſſer Circle is call 
Circle which terminates the T wilights ; for when 
the Sun by its apparent diurnal Motion reachs f 
Parallel, the Morning Twilight begins, or the H 
ing ends, in whatever Parallel of the AEquato! d 


| 
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the Figure let HQ O be the Horizon, VX Lecture 


B vi Circle parallel to it, terminating the Twilight, XX. 
ede HZ O the Meridian, E Qa the Æquator. wed 
: i RS manifeſt that the more oblique the Æquator is to 7% Arches 


Horizon, ſo much the greater are the Arches of / he Cre- 
Equator and its Parallels, intercepted between the Puſcles or 
von and the terminating Circle V a X. The IT Wilight. 
des QR, da, Ce, Gh, K, are called the 

hes of the Twwilighis, becauſe they determine their 

tion : And as each Arch has a bigger or lefs Plate 
ortion to its Circle, ſo will the Twilight, when XVIII. 
fn is in that Parallel, be longer or ſhorter. In Fig 2. 
Circle bounding the Crepuſcles take any Point a, 

& which paſſes a Parallel to the Æquator 4 a ; and 

a imagine a great Circle to be drawn, as M a N, 

hing the Circle of perpetual Apparition : And 

the Horizon likewiſe touches the ſame Circle, 

two Circles will make equal Angles with the 

ator and its Parallels; for the Meaſure of each 

tle is the Diſtance of the Parallel from its great 

e. So likewiſe all the Arches of the Æquator 


ts Parallels, between the Horizon and the Circle 
aboxe N are ſimilar, by Prop. 13, Book II. Theadgſius's 


ncks, - This Circle Ma N will either cut the 
ling Circle Va X in two Points, or touch it 
e. Let it firſt cut it in two Points a and 5; 
therefore the Arches of the Parallels 4a, G þ 
Iimilar : Wherefore when the Sun by its diurnal 
ion deſcribes theſe two Parallels, the Tw:/ights 
equal; but while he deſcribes any intermediate 
liel as Ce, the Time of the Twilght is ſhorter ; 
In this Caſe Cm the Arch of Twilight is leſs than 
which is ſimilar to the Arch da or Gh, and 
and da are deſcribed by the Sun in equal Times. 
when the Sun is in Parallels that are at a greater 
ance from the Æquator than G , the Twilights 
longer ; for the Twilight Arch 1 K is greater 
K, which is deſcribed by the Sun in the ſame 
e as the Arch of the Crepuſcle G h. 


WHILE 
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The diffe- For the Twilight Arch op is longer in being ding tl 


rent Du- 
ration of 
the 'T'wi- 
lights. 


Plate 
XVIII. 


Fig. z. 
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Write the Sun is in Patallels that ae I will 
the elevated Pole, the Twilights do conſtant becal 


than QR, and Y U the ſame way is longer thy, 
But if the Sur deſcribe the Parallel S , it nav 
meet with the bouriding Circle, and then the f 
light laſts the whole Night long. 

HENCE ariſes a great Difference between th | 
creaſe of the Tuilight and its Decreaſe, and the] 
creaſe and Decreaſe of Days and Nights. Foy 
the Sun moves from the Beginning of S to te 
of Capricorn, all that Time the Days conſtant 
creaſe, and the Nights increafe : But in the Jwj 
it is otherwiſe ; for though the Truilight and I 
are at the longeſt when the Sun is in the firſt Dep 
of S, and then they both decreafe together; ut 
Times of Twilight do not continually decreaſetilt 
Fun comes to Vf, but there is à certain Pont! 
tween = and W, to which when the San am 
we have the ſhorteſt Twilight, From then 
Twilights will begin to increaſe again, and there 
be one Arch of Twilight, ſimilar to that when! 
Sun is in the Æquator, before he reaches . 
if the Sun ſhould go further South even beyond 
Tropick, the Tw:ilights would {till increaſe, altho 
the Days decreaſed, And although the Days in 
the Beginning of the Sun's Entry into Vf de « 
ſtantly increaſe, yet the Twikghts grow ſhorter! 
the Sun comes to a Point between W and J, 
which again we have the ſhorteſt Twilight : Thi 
pears plain by what we are here to demonlinte 
the next Place. | 

24ly, LET the Circle M N touch the bon 
ing Circle in one Point, which ſuppoſe to be 
through which draw the Parallel to the aut 
da; I fay, that when the Sun is in this Faul 
the Tw:light will be the ſhorteſt of all. For x® 
the Arches of the Parallels intercepted MX 
the Horizon and the Circle M N are all _ 
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will be deſcribed by the Sun in equal Times: Lecture 
becauſe the Ttuiligbt Arches e and gh are XX. 
er than mn or gi, the Sun will be longer i 
vg through the Arch ce than cm, and through | 
Arch gb than gi; that is longer than in de- 

ing the Arch & a, which Arch therefore is the 

eſt Twilight, | 

as Diſtance of that Parallel from the Aquator, The Time 
hich is the ſhorteſt Twilight, is thus inveſtigated. of the 

aſe the Circle Ma N and the Horizon H O /#0rte/? 

b the ſame Parallel, which is the Circle of per- Twilight 


al Apparition, they will both be equally inclined *2*/*g4+ 
anth Aquator : And therefore the Angle an 'T of ted. 
» Twi Equator, and the Circle Ma N, is equal to the 


le FQd of the Æquator and the Horizon, 
t DefWough the Zenith Z and the Point a, draw the 
al Circle Z Y a, cutting the Æquator in the 
it T. The Spherical Triangles an T, TQ, 
mutually equiangular to each other, becauſe the 
es at a and Y are right; and we have ſhewed 
the Angles at Q and x are equal; alſo the An- 
at T are equal, being vertical to each other: 


when re Triangles then being equiangular, are alſo 
w: | lateral; and therefore T @ will be equal to T Y, 
eyond BP? half the Diſtance of the bounding Circle from 
allo Horizon: Moreover, à # is equal to Q d, by 
Jays . Book II. Thead. for FR and da are pa- 
do e and therefore 4 Q is equal to Q. 


horter t the Spherical Triangle T Q Y reRangular at 
ve have the Side T Y half the Diſtance of the 
, This ding Circle from the Horizon; as alſo the An- 
nf WW QT equal to F Q d, which meaſures the 
bplement of the Latitude of the Place; where- 
ve can find Q, and Q 4, which is equal to 
; to be From the Point d to the Æquator draw the 
Laue of Declination 4 F; and in the Spherical Tri- 

8 4Q F, we have 4 Q and the Angle Q, by 
or becn we can find the Arch 4 F, the Declination ef 
Netwe Parallel of the leaſt Twilight from the Aquator, 
HI 
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Lecture Tuis Problem might have been ſolved by oje 

XX. Analogy. For in the Triangle T Q Y, the} 
Tang. TV:: Co-tang. Q: Sin. Q Y or to de 
The ſame of d Q.: But the Sin. of Q: Co- ſin. of QU 


ow -tang. Q. Therefore by the Rules of th ; 
ſolved by a Irs . ed fr 
hd Ao Element, the Rad. multiplied by the Sin, . e 14 


N will be to the Tang. of T into the Co- ſin. q 
* as the Radius is to the Sin of Q 4: But in the 
angled Triangle Q 4F, Radius is to the Sine (WF 

as the Sine of the Angle Q to the Sine 4 F; 
fore Rad. Xx Sine Q will be to Tang, of TI 
fine of Q, as the Sine of Q to Sine of dF; 
thence, ex æquo, it will be as Radius to Tang, d! 
ſo Co-ſine of Q or the Sine of the Latitude, ut 
Sine of the Diſtance of the Parallel from the &q 
tor. Having the Declination of the Sun, the Ti 
of the Beginning of the Morning Twilight, wi 
we call Break of Day, or the End of the Ha 
The Dura- Twilight, is thus to be found. Let o þ be tt! 
tron of fallel of the Sun, meeting with the bounding (i 
Twilight in 5; and draw through the Pole the Circle d 
<termined. clination P. In the Spherical Triangle P7) 
have all the Sides, for Z P is the Complimentd 
Latitude, P p the Complement of the Sun's I 
nation, and Z q equal to the Sum of a Quad 
and the Diſtance of the bounding Circle front 
Horizon = Z 14-1þ. From which we can fn 
Angle Z Pp, and its Complement to two ky 
PV: And the Arch of the Aquator, meſunt 
this Angle, being converted into Time, will fe 

the Beginning or End of Twilight. 

Ref ation THE TERRESTRIAL ATMOSPHER 
by the At- by reflecting the Sun's Beams, not only product 
moſphere. Morning and Evening Twilight, but it alſo bend 
refracts the Rays of the Sun, and all the Star: wk 
fall on it, and changes their Directions by propagi 
the Light in other Lines, making the apparent 7 

of the Stars different from their true Places. 
By manifold Experiments, we find that 1 
Rays of a luminous Body, even of any vilib\ 


when they fall upon a Medium or Diaphanous Lecture 


Lobes jr, as Air or Water, of a different Denfity from XX. 

he Raj from whence they firſt proceeded, do not after. 

* ls go directly in the ſame ſtrait Lines, but are | 
by een or bended, and propagated as if they had pro- 7 
of tie ied from another Point than they really did. And | 
* . 1/:dim on which the Rays fall be denſer than | 
"= | firſt, they are bent towards a Line perpendicular | 


What Surface whereon fall, at the Point of 


eee, but if it be a Rarer Medium, in their 
110 ling they recede from the Perpendicular. 


x obſerve in Nature many Effects of Refraction. Various 


— — —— 2 . — 


" nf, whoſe one Part is immerged in Water and Ef: of 
/ other in the Air, appears broken; and that Part Refrac- | 
| w "Sch is in Water appears higher than it really is. %. 


I the Stars by Refraction appear higher or nearer 
yur Vertex than they would be, were there no 
; ſo that the Light might arrive to us without 
tion. 
r Z V be a Quadrant of a Vertical Circle in Plate 
Heavens, deſcribed from the Center of the Earth XVIII. 
under which is A B, a Quadrant of a Circle on Fig. 4. 
Surface of the Earth, and G H a Quadrant on 
durface of the Atmoſphere : And let S be any Star 
n which proceeds the Beam of Light S E, falling 
the Surface of the Air in E. Now, fince this 
comes from the Etherial Air much rarer than 
, or rather from a perfect Void, and falls on our 
oſphere, which is denſe in Compariſon of it; in 
It will be refracted towards the Perpendicular : 
becauſe the upper Air is rarer than that which 
karer the Earth, and grows {till denſer the nearer 
to us, this Ray of Light, as it proceeds, will 
ltantly be refracted and bended; ſo that it will 
ie at our Eye in the curve Line E A: Suppoſe 
night Line AF to touch this Circle in A; ac- 
ling to the Direction AF, the Ray of Light will 
r the Eye at A. And becauſe all Objects are 
in the Line according to whoſe Direction the 
enter the Eye, and * upon the un 
S 
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1 the Object will appear in the Line AF, tha z 
— than the Star really is And it may even hy 
By Reſrac- above it. This Refraction is alſo the Cauſe wh 
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the Heavens at Q; which is nearer to our f 


that a Star which is below the Horizon may he | pa 


tion an E- two great Luminaries the Sun and Moon, When ** 
cli pe of of tbem is above the Horizon and the other u of tl 
the Moon 


it, both may appear above the Horizon; ſo thy ** 


may be ſeen 15,1 has been obſerved eclipſed, when ſhe wa will irh. 
_ 2c the Horizon and the Sun above it. tio 
. A STAR in the Vertex or Zenith has n n T5 
Py tion, for a perpendicular Ray goes ſtrait on; WW Aſc, 
Here the more obliquely the Ray falls upon the Surface ui Ka 
Refradion Air, ſo much the greater is the Refraction; Han. 
is greateſt; the Horizontal Reftaction is the Bes n of al. * 
where the 4 Star that is above E high has ſau er 
leaſt. ſenſible Refraction. equal Altitudes the I or; 1 
All the tions are equal: And therefore the Sun, Mn, ＋ B 
Stars at fixed Stars, at the ſame apparent Height, hy fe / 
equal the ſame Degree of Reftaction; though the n p. 
Heights DH cho Brahe, the Reſtorer of Aftronomy, and ide v 
2 equa! rer of Refractions, thought otherwiſe, Ha Nec! 
5 2 805 the Refractions of the fixed Stars are know, | 

ſhall know likewiſe the Refractions of the Sun, 

and Planets : And it is eaſier to find by Obfemt 

the Refraction of a fixed Star than that of te 

and Moon; for the Parallaxes of theſe Bodi | 

being exactly known, the Obſervations about t E R 

Refractions will be doubtful; but the he thy 

having no Parallax, all the Difference betwe i. n be 

true and obſerved Places is wholly owing to Kane thr: 

tion. | 
The Me- Trose fixed Stars, that riſe higher abe e Sj 
thod of Horizon than 50 Degrees, have their Declinbt eD 
#bſerving Right A ſcenſions, Longitudes and Latitude * ſubſ 
the Re- rately enough known ; for in ſo great an Alt 
Faction. (the Refraction is next to nothing. Now theſe Er A 
Is . known, we find the Refractions near the Horus ng on 
Fig . the following Method. Let OPZH be EN 


ridian, H © the Horizon, A Q the quis e; 
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Le, and the Vertex Z. Let A be a Far whoſe Lecture 
Non is to be found, and let Z D be a vertical XX. 

| ng thro the Star, whoſe apparent Place 

ſe to be C; the Arch AC is the Refraction. 

he apparent Diſtanee of the Star from the Ver- 

, obſetved, that is the Arch Z C: And at the 

of the Obſervation take the Altitude of another 

which' is ſo high that it is not liable to Refrac- 

with: which find out the Moment of Time the 

ration was made; which may alſo be known by 

Pendulum Clock: By this Time, and the 

Aſcenſion of the bum, we ſhall find the Point 
Equator, which then culminates, or is in the 

lan, that is, the Point E. But we have alſo 

cht Aſcenſion of the Star, that is, the Point 

re the Circle of Declination, paſſing through 

or; tiizets. the quator, and conſequently the 

E B will be known; which is the Meaſure of 

le Z PA. Therefore, in the ſpherical Tri- 

Z PA, having Z P, the Diſtance of the Pole 

the Vertex, and PA, the Complement of the 
Declination, as alfo. the Angle Z P A, we find 

7 Trigonometry the Side Z A, the true Diſtance 

Star from the Vertex; from which ſubſtract 

the apparent Diſtance known by the Obſer- 

„„ and there will remain AC, the Refraction 

Star, which was to be found. | | 

r Refraftion may likewiſe be found / by ob- Ster 

g the Azimuth of a Star, or the Arch of the Method for 

jon between the Meridian and the vertical Circle Funding the 

g through the Star, that is, the Arch DO; for _ 
tch meaſures the Angle PZ A, from which, 

e Sides PZ, PA, we may have find Z A, The Me 

e Diſtance of the Star from the Vertex ; from , Fa 5 

 ſublira8t Z C, the obſerved Diſtance, and we fag 

dave C A, the Refraction required. * E. ö 

is Azimuth of any Star is beſt obſerved, by muth of a 
gon the Plane of the Horizon the Meridian Star. 

AE; upon which ere& the Perpendicular C A, Plate 

is eaſily performed by a Line and a Plummet : XVIII. 

R 2 Then Fig. 6. 
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Lefture Then take another Thread with a Weight, , 
XX. and hang it ſo that the Body of the Star mar Wi 
bones ered by the two Threads CA, DB, and ta 
Star will be in the Plane of a vertical C 
which Plane the Threads do likewiſe ſtand: 
then the Point B in the Plane of the Hori, 
in the Meridian Line, the Point A, upon ws 
erected the Thread A C: And taking in -W 
dian Line any Point E, draw AB, BE; 2 
the-Help of a Scale of equal Parts, meaſure 
Sides of the Triangle B AE, from which h 
nometry we ſhall find the Angle BA E, vidi 
Azimuth that was to be found. 
From Refraction, the Reaſon is plain w 
Sun and Moon near the Horizon appear du 
Figure; for their inferior Limbs are more ri 
and raiſed higher than the ſuperior Limbs u 
therefore theſe two Limbs will ſeem nearz v2 
? other, and the Breadth of the Bodies cm 
while both Ends of the horizontal Diamet | 
equally refracted and raiſed, keep the fame i 
from one another, and its apparent Magna 
mains the ſame. 
When the TRE Rays of the Sur, when he is in or 1 
Sun 75 in Horizon, paſs thorough a larger Body of A 
the Hori- when he is near the Vertex. For let ABD 
201315 Earth, ECF the Orb of Air which ſumm 
4 pa whoſe Altitude is commonly reckoned to | 
ante, Miles. Let C A be an horizontal Ray, EA. 
Space of tical Ray: It is manifeſt that C A is lon 
Air than EA; and the Proportion of theſe Lines may k 
avhen he is found out. Suppoſe the Semidiameter of th! 
in the Le- in round Numbers to be 4000 Miles, and 
xith, then is TE=CT 4050, whoſe Square i g 
Plate the Squares of CA and AT: And therefore, 
XVIII. the Square of C T' we take away the Squared F 
Fig. 7. there will remain the Square CA; that is, "i 
16402500 we ſubſtract 16000000, there vii 
402500, which is the Square of CA, whole! 
is 634: And therefore C A: A E:: 634: 0 


»ꝰ'vd 8 


Flate M 2 PEP d 
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chan the Proportion of 12 to 1. Hence Lecture 

be Reaſon why, without hurting our Eyes, XXI. 

ock upon the Sun at riſing and ſetting: u... 

teridian he is not to be looked upon, with- 

5 Danger of hurting our Sight. For the Rays 

g in the Horizon penetrating ſo large a Body 

hit againſt an infinite Number of Particles 

* ng in it; and being reflected or abſorbed, 

f > of the Light is thereby much weakened. 

Werefore Light is ſo much weakened in paſ- 

Wugh ſo ſmall a Space as our Atmeſphere ; if 
obere were ſo large as to reach the Aeon, 

2 of the ſame Denſity, neither Sun, Moon, 

could then be ſeen, 


ECTURE XXI. 


the Parallaxes of the STARS, 


INC E all the apparent diurnal Mo- The Fqua- 
WAI! tions are performed uniformly round 4% of cir- 
che Axis of the Earth, and not round calar Mo- 
the Place of the Spectator, who lives #ion 06- 
upon the. Earth's Surface ; he. who Yer vable 
| obſerves the Motion of the Stars from on 4 + 
face, muſt find, that appear to move „ 
ton that is not equal. For, if a Body by 
n deſcribes equally the Periphery of a Cir- 
Equality of Motion can be ſeen from no 
dints than thoſe in the Axis of this Circle. 
refore any Star or Phenomenon, ſeen from 
ter of the Earth, will appear in a different 
m what it does when obſerved from the 
and this Difference of Place of the ſame 
n from the Earth's Center and viewed from 
e, is called the Parallax of that Star, 
R 3 LET 
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Lecture LIT AB be a Quadrant of a great Sika ice © 
XXI. Earth's Surface, where A is the Place of the 9. ce o 

cor, and the Point V in the Heavens his Wa nal / 

PlateXIX. Zenith. Let VN H repreſent the Starty Firm; 

Fig. 1. the Line A D the ſenſible Horizon, in which f ore 

The Paral- poſe the Star C to be ſeen, whoſe Diſtance fron t les V 


lax what. Center of the Earth is T C. If this Star ws AM“ 
ſerved from the Center T', it would appear h n that 
Firmament in E, and elevated above the Horn 

the Arch DE. This Point E is called the tnf 

of the Phenomenon or Star ; But an Obſerver vi | 

it from the Surface of the Earth at A, will de diam 

its Place in the Horizon at D, which is cala 

viſible or apparent Place of the Star + And the\ | 

DE, the Diſtance between the true and ii lon u 

Place, is named the Parallax of the Star. 

Ir the Star riſe higher above the Horizon 

its true Place viſible from the Center is P; kit 

viſible Place from the Surface is N; and its Par Earth 

is the Arch PN, which is leſs than the Arch“ 

And therefore, the horizontal Parallax is great 

all Parallaxes ; and the higher the Star riſc,, tl 

is its Parallax: And if it ſhould come to the Ve the 

it would have no Parallax at all. For when it 

Q, it is ſeen both from T and A in the 4 the de 

TAY; and there is no Difference hetwet E. 

The great- and viſible Place. The further a Star is a © 
er the Di- the Earib, fo much the leſs is its Parallax: ft the A 
fance the parallax of the Stay F is G D, which is kr 
Leſs the Pa- the Parallax of the nearer Star C. Hence it 15} 
rallax. that the Parallax is the Difference of the Din 
of a Star from the Vertex, when ſeen from tht Ice fro 

ter, and from the Surface of the Earth, For uber 
Diſtanee of the Star M from the Vertex is the Meters 

VP; but when obſerved from A, its viſibl L 

ſtance i is VN. | 

TRERSRE Dalanses are meaſured hy the mo 

VTM and VAM, contained between the 

VT drawn to the Vertex, and the Right L 

＋ N and A M, drawn from the Center 8 
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ce of theſe two Angles is T M A. For the 


oppoſite Angles ATM and AMT: And 
we A T M is the Difference of the two 
des VA M and ATM or VT M. This An- 
AMT does therefore meaſure the Parallax; and 
: chat Account itſelf is frequently called the Pa- 
x: And this is always the Angle under which 


Fi 

— Semidiameter of the Earth A T, appears to an 

* placed in the Star : And therefore, where this The Para}. 
| o diameter is ſeen directly, there the Parallax is {ax aue 


s higher, the Parallax is diminiſhed in the Pro- 
ion we ſhall ſhew in the following Theorem: 


uE Sine of the Parallax is to the Sine of the 
Diſtance from the Vertex, in a conſtant and 


nt 

"bit Proportion; which is, as the Semidiameter 0 
Par Earth to the Diſtance of the Star from the Earth's 
D. 


ox, by a well known Theorem in Trigonometry, 
the Triangle A T M, the Sine of the Angle AMT 
to the Sine of the Angle T AM or V AM, as 
is to TM; that is, in the conſtant Proportion 
the Semidiameter of the Earth to the Star's Di- 


me 

i Ice, And therefore, the Sine of the Parallax in 
t the Sine of the Parallax in M, as the Sine 

% (tie Angle VAC is to the Sine of the Angle 


\M: And therefore, if the Parallax of a Star 
own when it is at any one Diſtance from the 
rtex, we can find its Parallax at any other Di- 
Ice from the Vertex, If any Star or Phenomenon 
further diſtant from the Earth than 15000 Semi- 
meters of the Earth, its Parallax will be ſo ſmall, 
t it will be inſenſible, and cannot be obſerved : 
 lince T F is to T A as 15000 to 1; and, as 
is to T A, fo is the Radius to the Sine of the 
ge T FA, Hence we ſhall find the Angle T F A 
than 14 Seconds; which Angle is ſo ſmall, that it 
not be obſerved by any Inſtrument. 

R 4 Ir 


ace of the Earth to the Star M: But the Dif- Lecture 
nal Angle V A M is equal to the two inward Wnryomd 


ateſt, that is, in the Horizon, When the Star greateft, 
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Lecture Ix we have the Diſtance of a Star from the 3, 
XXI. we can eaſily find its Parallax ; for, in the Tum 
Ways TAC rectangular at A, having T A, the Kdt 
meter of the Earth, and T C, the Diſtance & 4 

Star, the Angle A CT), which is the horizontd} 

rallax, is found by Trigonometry : And again, | 

have this Parallax, we can find the Diſtance & 4 

Star; for, in the ſame Triangle, having AT ay 

Angle A CT, we may find out the Diſtance T( 

IF a Star has no proper Motion of its om, j 

true Diſtance from any fixed Star, meaſured ly; 

Arch of a Circle, always remains unchangeb 4 

fame : But, if it have a ſenſible Parallax, it ax 

rent Diſtance will be thereby changed; and, it 

xed Star be in the fame vertical with the Phem 

non, but higher than it, the Diſtance will agert 

grow leſs as it riſes higher. If the Star be lowe, 

they aſcend, the Diſtance will increaſe ; yet ſen i 

the Center, they will appear conſtantly to ket 


ſenſibl 


ſame Diſtance from each other: And therefore, EI 

viſible Diſtances of a Phenomenon from a fix the 

which is near it, are not the real, but apparent ons, true P 

Ey the Pa- LE I there be a Phenomenon or Star apyearin i a Ci: 
rallaxes, the Horizon in C: If it were obſerved from i will n 
the Di- Center, it would be ſeen in Conjunction with iſible 
ance Y © fixed Star E. But the Spectator in A will ſe i WWW: Th 
non frem the fame Line with the Star D, and wil EAA n t 
be Vr, fant from the Star E by the Arch DE. Bu true ay 
fixed Star it riſes higher into M, it will ſtill appear, from togn@ertude 
3s conſtant. Center of the Earth, in Conjunction with the fa the 
h vari- Star E, which then will appear in P. But m Felipt 
able, the Surface of the Earth in A, it will appear 2! 
nearer to the Star E than it was when in Wat Ric 
Horizon; and therefore will not appear in the C 

junction with the ſame Star D, as it did bemHHoching 

but will be diſtant from it by the Arch N this 

king the Arch P 4 equal to E D. Hence it *"W paſs t 

lows, that if any Phenomenon always ke f Lat 

fame Poſition in reſpect of the fired Star, of t 

changes not its arcual Diſtances from them, fl 
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Trace from the Stars be changed, yet if that Change XXI. 
e only fo much as ariſes from its proper Motion, Gyan 
of hat Caſe likewiſe it will have no ſenſible Parallax. 

t if any Phenomenon departs further from a fixed 

, f , or comes nearer to it, than what it would do 


its proper Motion, this Difference of Acceſs or 
eſs is the Effect of a Parallax, 


IN as Parallax of a Star in a vertical Circle The King 
mn, Woes its Place, in regard to the other Circles of of Paral- 
i vi Sphere 3 and makes its viſible Longitude, Lati- lakes. 

bly ü and Right Aſcenſion, to be different from the 


ones, which are ſeen from the Center : And 
n hence ariſe four other Kinds of Parallaxes. 


ing thro' the Star, whoſe true Place is C, but 
rent Place D, in the ſame Vertical but nearer 
he Horizon; fo that the Parallax: of Altitude is 
. Thro! the Pole of the Ecliptick and the Star 
the Circle of Latitude PCG, and G will be 
true Place of the Star reduced to the Ecliptick. 


: The Arch of the Ecliptick G H, intercepted 
een the two Circles of Latitude paſſing thro? 
true and apparent Place, is called the Parallax of 

gitude, and C N the Parallax of Latitude. 
the Star be in the vertical Circle, which cuts 
Ecliptick in the goth Degree from the Hori- 
; 7,6, in that Vertical which cuts the Eclip- 
ait Right Angles ; as for Example; in the Point 
the Circle V E, the Parallax of Longitude will 
thing. For, becauſe the vertical Circle V E, 
this Caſe, perpendicular to the Ecliptick, it 
paſs thro' its Poles, and will be the ſame Cir- 
of Latitude in which is the true and apparent 
r of the Star; and both theſe Places reduced to 
cliptick will coincide in the ſame Point: And 
here 


, 
, ü! 


enſible Parallax. But even likewiſe, if its Di- Lectu 


r HO be the Horizon, whoſe Pole is V, EQ Plate x IX. 
Ecliptick, and its Pole P, VA a vertical Circle Fig. 2. 


a Circle of Latitude, thro* the apparent Place The Pa- 
will meet with the Ecliptick in H, which will be r4/lax of 
ifible or apparent Place of the Star in the Eclip- Longitude, 
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Lecture here the Parallax of Latitude will be the fan y 

XXI. the Parallax of Altitude, 
Wan Tu Eaſtern Quadrant of the Ecliptick h 
The Pa- which lies between the goth Degree, and the hh 
rallax of of it that riſes: The Weſtern Quadrant li | 
Latitude. tween the goth Degree, and the ſetting Point th 
of, A Star, that is in the Eaſtern Quadrant j 
its apparent Longitude greater than its true lay 
tude ; for, while the Star riſes, the Parallax dard 
it towards the Eaſt. So in the Fig. the viſible) 
of the Star in the Ecliptick is the Point H, vid 
more Eaſterly than the true Place G: But i 
Star be in the Weſtern Quadrant, its viſtble Lug 
tude.is leſs than the true, becauſe the Parallax ti 
it Weſtward. . 

LET the Circle E Q, which before repeat 
the Ecliptick, be now in the Place of the qu 
and P its Pole, PV H the Meridian, VC\ 
vertical Circle paſſing through the Star ; in wit 
let C be its true Place, and D its apparent, PC 
PDH Secondaries of the Æquator or Cirds ( 
Declination pafſing through the true and am 
Places of the Star, meeting with the Equator n\ 
and H. The Poin G ſhews the true Right Alt 
ſion of the Star, H its apparent, and the Dum 


2 *-. G His called the Parallax of Right Ascent. +: 
Right 4- true Declination of the Star is G C, and in my Ang 


ſcenſion. is H D, and their Difference N C is the P — 
Parallaz of Declination. If a Star be to the Fuf ol 
ef Declina- Meridian, the viſible Right Aſcenſion is greater i 
tion. the true; if to the Mel of it, it is leſs: And wie 
the Star culminates, the Parallax of Right Acer 
is nothing; becauſe. the ſame Circle of Decimaq 


does there paſs through both the apparent and de fo 
Place. | TuE 

Tu Aſtronomers have invented ſeveral Mews 1 t 
for finding the Parallaxes of Stars, that from "1 
their Diſtances from the Earth may be know the 
if we knew this, we could make ſome Eſtime . + 
the Largeneſs and Amplitude of the Univeik. Sta; 
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ane vi 647 vive ſome of the Methods which the ¶fro- Lecture 
have contrived for ſearching out the Paral- XXI. 
k ls p ” av + | TOS 


the Ti Ir, obſerve the Star, when it is in the ſame The firſt 
ical Circle with two other fixed Stars. Let way of 
be the verticle Circle, in which are ſeen the finding the 
Sem C and: D, and the Phenomenon or Star 8, Parallax. 
fe apparent Place will be likewiſe in the ſame Plate XIX. 
tical, which ſuppoſe to be E; and if the Star Fig: 3. 

e no proper Motion of its own, it will conſtantly 

| in the ſame Line with the two Start. After 

But . Time, again obſerve the Poſition of the Phi- 

nn with the ſame Kart, when it is not in a ver- 

Circle with them, but rather in a Circle Pa- 

| to the Horizon; i. e. Suppoſe the fired Stars 

and d, and let the viſible Place of the Star be 

but its true Place is in the Line e d, which joins 


Ves two Fixed. It is alfo in the Vertical Ve; and 
u fore it muſt be in the Point where theſe Lines 
t, PC one another; that is, in $, Obſerve the Di- 


ces of the fixed Stars d and c, and of the Star e 
n the Vertex V: Meaſure likewiſe with an In- 
ment the Arches de, ce and de: And, becauſe 
e, the Arch e 8 is its Parallax. 


Angle V 4c. Again, in the Triangle Ve, we 


; which being 
ration, leaves S e for the Parallax, which was 

de found out. Sd | 
LHE Parallax- of a Star may be likewiſe eaſily 4 Second 


ny Vertical with a fixed Star which is near it, PlateXIX. 


{ Star are in equal Altitudes from the Horizon; 


the apparent Place of the Star, and 8 its true 
In the Triangle 
c ve have all the Sides; wherefore we can find 


all the Sides; therefore we can find the Angle 
. Laſtly, in the Triangle 4 VS we have the 
4 V, and the Angles 4 VS and V 48, which 
found before; therefore we can find the Side 
ſubſtracted from Ve, known by 


d this Way. Obſerve when the Phænemenon is Mer bod. 


meaſure its apparent Diftance from this Fig. 4. 
Then obſerve again, when the Phænomenon and 


and 
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and then again meaſure their Diſtance, The i 
rence of theſe Diſtances will be very near the dl 


the Vertex, VE a vertical Circle - paſſing tum 
the Star in E, and the fixed Star in D. Let them 
Place of -the Phirnomenen be S, ſo that 8 E is the; 
rallax of Altitude, and the Difference of the ly 
and the Phænomenon's Height is, in this Caſe, & 
viſible Diſtance. Afterwards, obſerve when they 
and the Phenomenon come to be equally diftant iy 
the Horizon, and then meaſure their iſtance yz 
Inſtrument: This viſible Diſtance is nearly equi ; 
their true Diſtance. For let the true Place Ir is 
Phenomenon be 5; the Parallax ge is very (ml; 
Compariſon of the Arch Ve: And therefore din 
d e will be bd Sema equal; for if the Parally; 


were a whole Degree, yet even then d and/ of 

would not differ above one Minute: Therefor M rter 
Diſtance de being meaſured, we ſhall have ther! ar H 

Diftance 4s or DS, which is greater than! grees 

And if from D $ we ſubſtract D E, known h 

firſt Obſervation, there will remain 8 E, the N im 

lax, which was to be found. PUP! 

The Third Tux Parallax of a Phanomenon may likewi| Mc 
Method. abtained by an Obſervation of its — and = 
titude, and by marking the Time between wiel the « 

; ſervation and its Arrival at the Meridian. ee 
PlateXIX. HV PO be the Meridian, V the Vertex, P the H 
Fig. 5. HO the Horizon, and V B a vertical Circle, pull r be 
thro* the true and apparent Place; thro' which n 

alſo Circles of Declination P 8 C, PE, ITbe e 

of the Horizon B O is the Azimuth of the be E 

which muſt be obſerved, in the Manner we ſhere c 

in our laſt Lecture. Obſerve likewiſe the Arch) "Ou 

the Diſtance of the. Phenomenon from the Ver X 

and mark the Moment of Time when theſe Oui, 

vations are made, Then ſtay till the Phanomem T * 

Star comes to the Meridian, and note the 1 ; Pa 

its Arrival there; which may be either done y E 8 
Pendulum Clock, or by an Obſervation of 1 hole 


\ 


Dee RES . 253 
the Diſtance of the Time between the firſt Ob- Lecture 
tion and the ſecond of the Star's being in the XXI. 
ridian, be converted into Degrees and Minutes - 
the Equator, and we ſhall have the Arch A C, : 

ich meaſures the Angle VP S. Therefore, in the 


"2 angle V P S, we have the Side VP, the Di- FER 
the lee of the Vertex from the Pole, and the Angles * 
aſe, $ and VPS; whereby we can find the Arch V S, 


true Diſtance” of the Phenomenon from the Ver- 
This being ſubſtracted from the obſerved Di- 


A 8 VE, there will remain the Parallax S E, which 
7 equi t s to be found. nie Nn 

ce r is here to be noted, that to reduce the Time 
Degrees and Minutes of the Æquator, the Time 
140 ſt be firſt reduced into Hours and Minutes of 


Primum Mobile, or to the Time of the Revolu- 
of the Heavens, which Hours are ſomewhat 
rter than the Solar Hours: Or if you keep the 
ar Hours, you muſt reckon for. each of them 15 


jan I grees, 2 Minutes, 27 Seconds, and 51 Thirds: 
yn by d ſo proportionably for the reſt of the Particles 
the u Time. 244 | | 


SuppossE HO an Arch of the Horizon, AM A Fourth 
Meridian, in which P is the Pole, and V the Method. 
tex of the Place. Suppoſe E the apparent Place 

the Star; before the Star comes to the Meridian, Plate x IX. 
erve the Arch V E, its Diſtance from the Vertex, Fig. 6. 

I its Azimuth E VM: Let the true Place of the 

Ir be 8, its Parallax is SE: Mark the Time of 
Obſervation. Again, after the Star has paſſed 
Meridian, obſerve when it is exactly at the fame 

tances from the Vertex, ſo that V e may be equal 

VE: And here, fince the viſible Diſtances of the 

rr from the Vertex are equal, the real Diſtances 

ll be likewiſe equal, i. e. VS = Vs. Take the 

me between the firſt and ſecond Obſervation, and 

mm n it into Degrees and Minutes of the Aquator, 

d we ſhall have the Angle 8 P, the Half of 

ich is the Angle 8 PV. Therefore, in the Tri- 

de 8 VP, we have the Angle SP V, and the 

1 de SVP, which is the Complement of the _ 

mu 
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muth to two Right Angles; alfo the Side ox, te 
the Diſtance of the Pole and Vertex; from is ne 


[ue ſhall know V8, the true: Dultance of the þ but 


The Fifth 


Mes od. 


. Knowing then the apparent Right Afcenſion «ft 


from the Vertex; which being ſubſtracdel N rvatio 
VE, leaves 8 E for the Parallax. 

Tusk Practices depend upon Obſervating 
the Azimuths; but without obſerving them the 
rallax may be known, by finding out the aum 
and true Right Aſcenſions; and from them, G 
culation, finding the Azimuth: Fot by obſen 
the Diftance of a Phenomentii from two kt 
fixed Stars, we can compute its appatent Right | 
ſcenſion, according to the Method explained in 
ture XIX: Then again, when the Star comes og 
Meridian, by the fame Method find its Right Af 
ſion; which is the ttue Right Aſcenſion, ot f 
Point where the Circle of Declination, paſling in 
the true Place of the Star, cuts the Am 


Star in the Vertical VB, and the Point of the H 
quator which at the ſame Time culminates, wel 
likewiſe know the Angle VPE: Therefore, in 
Triangle VP E, having the Sides VP, VE, u 
the Angle VP E, we can find the Angle PVE 
which determines the Azimuth. But having t 
true Right Aſcenſion of the Star as was obſer 
the Meridian, and the Point of the Equator ei 
nating at the firft Obſervation, the Diftance betme 
them will give us the Angle VPS. There, 
the Triangle -V PS, having the two Angles V 
and 8 VP, as alſo the Side VP, we can find the & 
VS, the real Diftance of the Star from the Vert! 
which ſubſtracted from V E, leaves S E, the fu 
tax, which was to be found. 

In determining the Right Aſcenſions of the dun 
we are not to rely too much, in ſo nice an A 
as the Parallax is, on a Pendulum Clock for © 
mining the Time; for there the Error of one dem 
in numbering being made, will produce an Ei 
Right Aſcenſion of 15 Seconds, 


Tos 
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or, to obſerve the Right-Aſcenſion of a Star, Lecture 
is no need of ſtaying till it come to a Meri- XXI. 
but it is more eaſily and certainly had by two. 
vations, ' one made in the Eaſtern Quadrant, 

the other in the Weſtern Side of the Heavens; 

both muſt be made when the Star is at the ſame 


5 ht above the Horizon: For if we take the Di- 
ot the Phenomenon from two known fixed 
“ven it is in the Eaſtern Region, we ſhall by 
: WH Means find its apparent Right Aſcenſion, which 


ater than the true, becauſe the Parallax depreſſes 
x more Eaſtern. Again, when the Star deſcends 
> Weſtern Side, and comes to the ſame Height, 
ts Diſtance be likewiſe obſerved from two fixed 
, and get from them its apparent Right Aſcen- 
which is juſt as much leſs than the true, as the 
er exceeded it. And therefore, if the Differences 
um een the two apparent Right Aſcenſions be halfed, 
bis Half be added to the leaſt or ſuhſtracted from 
de FErcateſt, we ſhall have the true Right Aſcenſion, 
Point in the ZAquator where it meets with 
Circle of Declination paſſing through the Star, 
is, the Point C. But from the Time of the Table 
P 1 EF ation, we have the Point of the Æquator XIX. 
ing h culminated at that Moment; and conſequently Fig. 5 
erte ve the Arch A C, and the Angle Æ PC 
reh red by it: Therefore, in the Triangle V P'S, 
ng the Side V P, and the Angles V PS and PVS, 
can find the Side V8, the true Diſtance of the 
3 V5 omen from the Vertex; which ſubducted 
the apparent Diſtance, there will remain S E, 
Venn rallax required. 
he kur eaſieſt and beſt Way of finding the Parallax The Sixth 
ght Aſcenſion is by a Teleſcope, in whoſe Fo- Method. 
the ene four Threads, crofling one another at half 
LIP Angles, as we ſhewed in our XIXth Lecture. 9 
ng this Teleſcope to the Star, turn it con- TableXX, 
ne dem round, till its apparent diurnal Motion appear Fig. 2. 
| Ertl along the Thread A B; in which Poſition, the 
2d will reprefent a Portion of the Parallel which 
Phenomenon deſcribes; and the Thread C D, 
| cutting 
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Lecture cutting it at Right Angles, will repreſent 21 
XXI. Circle, Obſerve therefore the Time when 4 
ny 7010 is ſeen in the horary Circle. The Ty 
remaining thus fixed and unmoved, obſer 
Time when any other Star, whoſe Right Aly 
is known, comes to the ſame Horary Ei 
Diſtance of Time between the Appulſe of ti 
nomenon to the Horary Circle, and of the fu 
to the ſame Circle, being turned into Dem 
Minutes of the Aquator, will ſhew the Dk 
of Right Aſcenſions of the Star and Ph 
Again, when the Star comes to the Meridia 
it with the Teleſcope, and by the ſame Meth 
out its Right Aſcenſion, which will be the nu 
and by it we ſhall have the Point of the in 
where the Circle of Declination, paſſing h 
true Place of the Star, does cut the quatt il 

ving therefore the true Right Aſcenſion and ty 
rent, we have their Difference, or the Para 
Right Aſcenſion. And becauſe we have the x 
Right Aſcenſion and the Point of the Aqui 
culminating, we have the Arch of the quit, 
tercepted between them, which is the Meaſuri 
TableXX. Angle VP E. Therefore, in the Triang||! 
Fig. 1. we have the Sides VP, PE, and the Ang 
whence we find the Angle PVE. From te 
VPE take the Angle SPE, the Parallax d 
Aſcenſion, and we ſhall have the Angle VPS. 
in the Triangle V PS, having the Angles V. 
PV S, together with the Side VP, we a 
them find the Side VS, the true Diſtance of c 
from the Vertex; which being ſubducted f 
apparent Diſtance, leaves the Parallax that ws" 
found, | 
The Me- IF the Phenomenon have a proper Mota 
thed of its own, its Right Aſcenſion will confta” 
finding the changed by this Motion, unleſs it ſhou! 7 
Parallax to move in ſome Circle of Declination 
rohen the therefore, Care muſt be taken to determi" 
Star has a Change of Right Aſcenſion, that ariſes . 


Proper Mo- i ö bien 
tion of its Motion of the Star; which is done, by 0 
can. | 
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Right Aſcenſions will ſhew the Change that 
ght Aſcenſion has, for the Time between the 
dervations: And from them we can find the 
of Right Aſcenſion, or the Motion of the 
menon along the Æquator in a Day: From this 
Motion we can find by proportioning the 
n for any given Time. For Example, If the 
| Motion according to the Equator be 30 Min, 
| ſuppoſe the Phenomenon advanced according 
Equator every Day 30 Minutes; and ſup- 
e Time between the Obſervation on the 
Side of the Heaven, atid that in the Me- 
be fix Hours, the Motion according to the 
or in that Time is 7 3 Minutes; let the Dif- 
of Right Aſcenſion, obſerved in the Vertical 
the Meridian, be 20 Minutes, ſeven and a 
thoſe Minutes are owing to the proper Mo- 
the Body; wherefore the Parallax of Right 
on is 121 Minutes. 

ER the ſame Manner, by the apparent and 

gitude of a Phanomenon, the Parallaxes may 
Wſtigated, The apparent Longitude is found, 

ring the Diſtance of a Phenomenon from twa 
* whoſe Longitudes and Latitudes are 

And the true Longitude is had, by making 
We Obſervations, when the Star is in the goth 
of the Ecliptick, where the apparent and 

gitudes coincide. 

Wheſe, and the like Methods, if any Pbæno- 

Was 2 Parallax not leſs than one Minute, it 

found out, In the Moon we find the Pa- 

Wery conſiderable, which in the Horizon a- 

soo about a Degree or more. But there are 


b 
1 


renne 


ght Aſcenſion of the Star, when it is in the Lecture 
an; and the next Day let its Right Aſcenſion XXI. 
the fame Manner obſerved. The Difference 


ticular Methods, only applicable to the 

which its Parallax is CID 1 — 

Fclipſe of the Moon, obſerve when both ing the 

are in the ſame vertical Circle, and then parallax 

oment take the Altitudes of both Horns: of the 
8 e Moon, 
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i Obſervation of an Eclipſe of the Mon: And Lecture 
ea Principles. on which it is founded are, Fit, In XXI. 
; unar Eclipſe the horizontal Parallax of the San.. 
qual to the Difference between the apparent Se- 
gameter of the Sun, and half the Angle of the 
ical Shadow; which is eaſily made out in this 
ner. Let the Circle AFG repreſent the Sun, plate XX. 
b E the Earth; let DHM be the Shadow, Fig. 3. 
DMC the half Angle of the Cone. Draw | 
n the Center of the Sun the right Line 8D 
ching the Earth, and the Angle DSC is the ap- 
nt Semidiameter of the Earth, ſeen from the 
, which is equal to the horizontal Parallax of the 
the Angle ADS is the apparent Semidiameter 
the Sun, ſeen from the Earth : The external An- 
ADS is equal to the two Internals DM and 
M, by the 32d Prop. Elem. I. And therefore 
Angle DSM, or DSC, is equal to the Dif- 
nce of the Angles A DS and DMS. 24h, Half 
Angle of the Cone is equal to the Difference of 
horizontal Parallax of the Moon, and the apparent 
nidiameter of the Shadow, ſeen from the Earth 
e Diſtance of the Moon. For let C DE be the plate XX. 
th, CME the Shadow, which at the Diſtance Fig. 4. b 
ie Mom being cut by a Plane, the Section will 
the Circle F LH, whoſe Semidiameter is F G, 
is ſeen from the Center of the Earth under the 
gle FTG. But by the 32d Prop. Elem, I. the 
ge CFT is equal to the two Internals FMT 
FTM. Wherefore the Angle FMT is the 
flerence of the two Angles CFT and GT: 
t the Angle CF T is the Angle under which the 
nidiameter of the Earth is ſeen from the Moon, 
this is equal to the horizontal Parallax of the 
m; and the Angle GT F is the apparent Semi- 
eter of the Shadow ſeen from the Earth's Cen- 
It is therefore evident that the half Angle of 
Cone is equal to the Difference of the horizontal 
allax of the Moon, and the apparent Semidiameter 
the Shadow ſeen from the Earth. Wherefore, | 
to the apparent Semidiameter of the Sun there be 
| 8 2 added 
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Lecture added the apparent Serhtidiameter of the Shadow, 2 

XXI. from the Sum you take away the horizontal Pana 
of the Moon, think will remain the horizontal Pam 
lax of the Sun; which therefore, if theſe wen x. 
curately known, would be likewiſe known a0 
rately : But none of them can be fo exactly and nigh 
obtained, as to be ſufficient for determining the pn 

lax of the Sun; fot very ſmall Errors; which ang 
* be eaſily avoided in meaſuring theſe Angles, will 
_—_ of. duce very great Errors in the Parallax ; and the 
Friend. will be a prodigious Difference in the Diſtance d 
| the Sun, when drawn from theſe Parallaxes, |; 
Example: Suppoſe the horizontal Parallax of te 
Moon to be 60! 15%, the Semidiameter of the Sn 
and the Semidiameter of the Shadow 44/ 30; w 
ſhould conclude from thence, that the Paralla d 
the Sun was 15%, and his Diſtance from the En 
about 13700 Semidiameters of the Earth, Butt 
there be an Error committed, in determining th 
midiameter of the Shadow, of 12// in Defect, (al 
certainly the Semidiameter of the Shadow canndtx 
had ſo preciſely, as not to be liable to ſuch an Em 
that is, if inllcad of 44/-3o/! we put 44/ 18" k 
the apparent Diameter of the Shadow, all the ode 
remaining as before, we ſhall have the Parallax « 
the Fun 3/!, and its Diſtance from the Earth am 
70000 Semidiameters of the Earth, which is fn 
Times more than what it was by the firſt Poſia 
But if the Fault were in Exceſs, or the Diameter 
the Shadow exceeded the true by 12// ; ſo that 
ſhould put in 44/ 42%, the Parallax would ariſe t 
27/!, and the Diſtance of the Sun only 7700 6 
Earth's Semidiameters ; which is nine Times leſs tu 
what it comes to by a like Error in Defect. If 
Error in Defe& was committed of 15%, which! 
ſill but a ſmall Miſtake, the Sun's Parallax wol 
be equal to nothing, and his Diſtance infinite, Wh 
fore, ſince from ſo ſmall Miſtakes the Parallax 1 
Diſtance of the Sun vary ſo much, it is plain te 
the Diſtance of the San cannot be obtained by d 
Method, 
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inc therefore the Angle that the Earth's Semi- Lecture 
meter ſubtends at the Sun is ſo ſmall, that it can- XXI. 


t be determined by any Obſervation; Ariſtarcb usr 
en , an ancient and great Philgſepher and Aſtro- Ariſtar. 
1 rr, contrived a very ingenious Way for finding chus's Me- 
dae Angle which the Semidiameter of the Men's thod for 


bit ſubtends, when ſeen from the dun: This 5% un 
nele is about ſixty times bigger than the former, Nance. 
btended only by the Earth's Semidiameter. To 
d this Angle he lays down the following Prin- 


ples, 


s, | Is that Lecture where we explained the Phaſes 
of ü the Moon, we ſhewed, that if a Plane paſſed 
an! rough the Moon's Center, to which the Line join- 
ol; g the Sun and Moon's Center was perpendicular, 


Dis Plane would divide the illuminated Hemiſphere 


e the Moon from the dark one: And therefore, if 

But i Plane ſhould likewiſe paſs through the Eye of a 
e ecclztor on the Earth, the Mom would appear bi- 
hh ed, or like à half Circle ; and a right I. ine, drawn 


m the Earth to the Center of the Moon, would 
in the Plage of Illumination, and conſequently 
duld be perpendicular to the right Line which joins 


he of Centers of the Sun and Moon. Let S be the Sun, TableXX, 
rallax 088d the Earth, AL a Quadrant of the Moon's Fig. 5. 
th mbit; and let the Line SL, drawn from the Sun, 
h is ech the Orbit of the Moon in L; the Angle TLS 
Poſition"! be a right Angle: And therefore when the Moon 


meter d {cen in L, it will appear biſected, or juſt half a 

cle. At the ſame Time take the Angle LTS 
Elongation of the Moon from the Sun, and then 

30 of r {hall have the Angle LS T its Complement to a 

Jt Angle. But we have the Side TL, by which 

t, If 0 daa find the Side $ T, the Diſtance of the Sun 

n the Earth. 

* woa BUT che difficult Point is to determine exactly Ariſtar- 

| Moment of Time when the Men is biſected, chus' M- 
allax n its true Dichotomy; for there is a conſider- hd infuf- 
Space of Time both before and after the Di- ficient, © 
iam, nay, even in the Quadrature, when the 

n will appear biſected, or half a Circle; ſo 

dle e that 


Lecture that the exact Moment of Biſection cannot he know 
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by Obſervation, as Experience tells us: This an! 


— alſo made out by the following Reaſon. Pag. 95. $4 
the Lecture concerning the Phaſes of the Min, it wlliiſ"2s 
demonſtrated, that the Diameter of the Mam = "oy 
to the Portion of it illuſtrated by the Sun, and ſen an 1 
by us, as the Diameter of a Circle is to the Val ly 
Sine of the Elongation of the Aeon from iy Sun 
nearly: But accurately, it is as the Diameter df M 
Circle to the Verſed Sine of the exterior Angle dIus 
the Moon, of the Triangle formed by Lines joa Ra 
the Centers of the Sun, Earth, and Mom, = og 
ſhewed in the Lecture, pag. 163. concerning th is th 
Phaſes of Venus, Let us ſuppoſe, in the Time d vhic 
true Dichotomy or Biſection, that the Angle LST In 
15%, and that the Semidiameter of the Lunar ]- * 
were bo Semidiameters of the Earth; the Diſtance, hereb 
the Sun would in that Caſe be 137 58 of the EP" * 
Semidiameters, This being ſuppoſed, let us in wh 
gine the Moon to be in her Quadrature at g ti ce 4 
is, let the Angle q T'S be a right Angle, the exe nh"®" 
rior Angle of the Triangle q T'S at 9 would if . 

90. 157 whoſe Verſed Sine is equal to the Rat in! 
and the right Sine of 1 * together: Therefore, 2d al 
Diameter of a Circle is to the Radius + Sine 15 wal | 
ſo is the Diameter of the Mom to that Par of Wi" 
which is illuſtrated by the Sun, and ſeen from tl dra 
Earth, Wherefore, taking half- the Antecedent 0 us 
and by Diviſion of Ratio, the Radius will be * 
the right Sine of 15/, as is the Semidiameter of ti 8 
Moon to that Exceſs, wherewith the illuminat ed 
Part ſeen from the Earth is greater than ef ys 
Mom's Diameter. Now the Sine of 15/ is 7 
of ſuch Parts as the Radius is 100000, and tes 0 
parent Semidiameter of the Mocn is about 1; 4 A 
Say therefore, as 00000 is to 436, fo is 15 wh 
Fourth, which is leſs than 4// ; but this is 6 im — 
a Quantity, that it is not in the Jeafſt to be percent ro 
by our Senſes: And therefore the Moon, ve! = 


the Quadratures, has its Illumination exceeding 
bilecded Illumination by ſuch a Quantity as go" r 
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her imperceptible : But if the real Dichetomy or- Lefture 
eftion were in the Quadrature, the Diſtance of XXI. 


neles S T 4 and Sq T being right, the Lines 8 T 
1$ q would be parallel, and would not meet but 
an infinite Diſtance. | 

2dy, SUPPOSE the Elongation of the Moon from 
e Sun 899, 30/: In that Caſe the exterior Angle at 
Mom is 899. 45/, and its Verſed Sine equal to the 
dius bating the right Sine of 15/7. And becauſe as 
te Radius is to the Verſed Sine of the exterior Angle, 
at is, to the Radius diminiſhed. by the Sine of 15“; 
is the Semidiameter of the Mon to that Part of 
which is illuſtrated and ſeen by us; then, by Di- 
hon of Ratio, the Radius will be to the Sine of 
5“; as is the Mars Semidiameter to that Part 
hereby the Semidiameter of the {con is greater 
an the illuminated Part thereof which is ſeen by 
; which therefore (as in the former Caſe) will be 
arce 4//: Now the Moon, wanting but ſo ſmall a 
tion to be intirely biſected, will appear to us 
if ſhe were really biſected; ſo that its Phaſs 
in no wiſe be diftingutſhed from the true Pha/is 
a Dichotomy : And therefore, if this apparent 
baſis ſhould be taken for the true Phaſis of the 
chotomy, which is half a Degree diſtant from the 
adrature, we ſhould find the Diſtance of the Sun 
Mm us to be 6876 Semidiameters of the Earth. : 
OBsERYATIONS inform us, that when the. door 
30 Min, diſtant from the Quadratures it appears 
«ted; and in the Quadrature its Phaſis cannot be 
ceived to be different from a biſected Phaſis : Nay, 
e Men, obſerved with the beſt Teleſcopes, after it 
paſt the Quadratures, appears biſected, as Ricci- 
u himſelf acknowledges in his Almægeſt, p. 734. 
d therefore the Moon, at leaſt for the Space of 
e Hour, appears to be biſected, in which Time any 
"oment may be taken for the true Point. of the 
chetamy, as well as any. other: And for the infi- 
e Number of Moments of Time, we ſhall-have an 
2 S 4 infinite 


zm would be Infinite; for in that Caſe the. 
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Lecture infinite Diverſity of Diſtances of the Sun fm the 
XXI. Earth: And conſequently, the true Diſtance of 1, e acc 
from the Earth cannot be obtained by this Med hat tl 
SINCE the Moment in which the true Di, mitte 

happens is uncertain, but it is certain that ith 

pens before the Quadrature; Ricciolus tale 

Point of Time which is in the Middle, betwey: 

Time that the Phaſis begins to be doubtful wi 

it be biſected or not, and the Time of Qu ane 

But he had done righter, if he had taken the: 

dle Point between the Time when it become & 

ful whether the Maoon's Side is concave or ſry 

and the Time again when it is doubtful whit 

is ſtraight or convex ; which Point of Time 4 

the Quadrature: And if he had done this, he wn 

have found the Sun's Diſtance a great deal bg 

than he has made it. 

Thereis nw TRERE is no need to confine this M 
need to con- to the Phaſis of a Dichotomy or Biſection, for its 
Aue this be as well perform'd when the Moon has any of 
Method to Phaſes bigger or leſs than a Dichotomy : For ok 
for P pts by a very good Teleſcope, with a Micrometer, 
; As Ne- Phafis of the Mon, that is, the Proportion of WAP to 
. illuminated Part of the Diameter to the Whit 
and at the fame Moment of Time take her tu 

gation from the Sun: The illuſtrated Part dl 
Diameter, if it be leſs than the Semidiamete;, 1 

be ſubducted from the Semidiameter ; but i i 


185 4 
greater, the Semidiameter is to be ſubdudted In It. E 
it, and mark the Reſidue : Then ſay, as the xt on 
diameter of the Man is to the Reſidue, fo WP be! 
Radius to the Sine of an Angle, which is oer 


found : This Angle added to, or ſubſtracted fron de 3: 
right Angle, gives the exterior Angle of the] 
angle at the An But we have the Angle #6 
Earth, which is the Elongation obſerved; w* 
therefore being ſubducted from the exterior A 
leaves the Angle at the Sun. And in the T 4 
S LT, having all the Angles and one Side LT,! Perth, 
can find the other Side 8 T, the Diſtance of the ch te 
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de Earth. But it is almoſt impoſſible to deter- Lecture 


by We accurately the 1 -aqunn of the Lunar Phaſis, XXI. 1 
Heth hat there may not be an Error of a few Second |. 
Dick mitted ; and conſequently, we cannot by this 3 
at it od find preciſely enough the true Diſtance of 
akes dun. However, from ſuch Obſervations, we are 


„chat the Sun is above 7000 Semidiameters of 

Parth diſtant from us. Since therefore the true The Sun's 

Lnce of the Sun can neither be found by Eclipſes, Diſtante 

by the Phaſes of the Man, the Aftronomers are and Paral- 

d to have Recourſe to the Parallaxes of the Pla- Iax may le 

r ſtre that are next to us, as Mars and Venus, that are e 

times much nearer to us than the Sun is: Their 4 om tHe 
arallax 

allaxes they endeavour to find by ſome of the of the Pla- 

thods above explained: And if theſe Parallaxes „. 

> known, then the Parallax and Diftance of the 

which cannot directly by any Obſervations be 

ined, would eaſily be deduced from them, For 

n the Thcory of the Motions of the Earth and 

ets, we know at any Time the Proportion of 

Diſtances of the Sun and Planets from us; and 

horizontal Parallaxes are in a reciprocal Propor- 

do theſe Diſtances. Wherefore, knowing the 

lax of a Planet, we may from thence find the 

er Lu ax of the Sun. 

ARS, when he is in an Acronychal Poſition, that Particu- 

oppoſite to the Sun, is twice as near to us as the 47 4 


fit is; and therefore his Parallax will be twice as _ 2 
ted In But Venus, when ſhe is in her inferior Con- Poſition * 


ion with the Sun, is four Times nearer to us 
n he is, and her Parallax is greater in the ſame 
portion: Therefore, tho' the extreme Smallneſs 
the Sun's Parallax renders it unobſervable by our 
es, yet the Parallaxes of Mars or Venus, which 
twice or four Times greater, may become ſen» 
woe. The Aſtronomers have beſtowed much Pains 


r Aonding out the Parallax of Mars; but of late 
Tr; was in his Oppoſition to the Sun, and alſo in 
LD Peibelian, and conſequently, in his neareſt Ap- 
eech to the Farth And then he was moſt accu- 

oe rately 
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Lecture rately obſerved by two of the moſt eminent of 
XXI. momers of our Age, who have determined his}, 
s to have been ſcarce 30 Seconds; from yh 
we can eaſily collect, that the Parallax of the H 

ſcarce 11 Seconds, and his Diftance about ! 
Semidiameters of the Earth. | l 
The Paral- By an Obſervation of the Body of Vn, if 
Tax of #6: paſſing over the Body of the Sun, which wil! 
Sun found pen in May 1761, Dr. Halley has ſhewed as 
by obſeru- of finding the Parallax and Diſtance of the du 
— . ny great Nicety, viz. within a five hundredth hu 
3 % the whole; and we muſt wait till then, ln 
can be determin'd to ſo great an Exactneſs. 
BEC AUSsE the Method whereby the A 
foretel Eclipſes of the Sun, requires that the ln 
Parallax both as to Longitude and Latitude ſhui 
known by Calculation: And alſo, as often 31 
Moon's Place in the Heavens is to be obſerved, 6 
it may be compared to the Place found by 4% 
. mical Tables, in order to eſtabliſh her Then; 
will be neceſſary to reduce the true Place foul 
the Tables to her apparent Place, which cam 
done without the Calculation of the Parallax: tn 
be convenient to explain the Method by which 
Moon's Parallax for any Point of Time is tot 
culated, | „ 
Hew the FiRsT, by Aftronomical Tables compute the fat 
Moon's of the Moon in the Ecliptick and her Latitudt, 
Parallax the given Time. In the Figure ſuppoſe HU 
is to be Horizon, H Z O the Meridian, Z the Verte 
found for the Ecliptick, in which let L be the Place d. 
15 Tow Moon, found by the Tables. And firſt, let uf 
, Calcule- poſe the Mom to be without Latitude, Fra 
; Vertex Z let fall upon the Ecliptick the Perpe 
Table x X. lar Z un A, which will be therefore a Circle d 
Fig. 6. titude, and the Point u will be the goth D 
of the Ecliptick. From the Time given we 
the Right Aſcenſion of the Sun, and his Equim 
Diſtance from the Meridian: From thence he 
find the Point of the Aquator culminating, . 


Sun. 
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itt Aſcenſion of Mid-Heaven, or of that Lecture 
ede Ecliptick which culminates: And XXI. 
we know that Point which is then in tbe: 
as alſo the Angle Z Ex of the Ecliptick 
Meridian. This is either found by the Cal- 

we explained in the ſpherical Doctrine, or 

es of Arenomy: By this Means we find the 

L; but we have the Arch E the Decli- 

f the Point E, and conſequently the Arch 

| be known. Therefore in the right-angled 

ez E, we have the Side Z E, and the 

= En, Hence we can find En and the 

or the Point of the goth Degree, and the 

, its Diſtance from the Vertex; whoſe 
vent » A is the Meaſure of the Angle that 

ion and the Ecliptick make: And becauſe 

e the Place of the Moon, we muſt have the 

L. Therefore in the right angled Triangle 

having the Sides Z u and » L, we ſhall have 

em the Angle Z L n, which is called the 

Wick Angle, as likewiſe the Side Z L, the The Paral- 
eof the Man from the Vertex. Let the lactick 
be to the Sine of the Arch Z L, as the hori- Angle. 

P :rallax of the Moon taken from the Tables | 

WP arallax in L, which therefore is found. Let 

be L. From o on the Ecliptick let fall the Per- 
iron. And in the Triangle Ln (which 

y ſmall, may be taken for a rectilinear one) 

e beſides the Right Angle, the Side L o and 

ple o L M equal to Z Ln; wherefore we 

d out the Arch Ln, the Parallax of Longi- 

do n, the Parallax of Latitude, which 

de found, | . 

os now the Moon has ſome Latitude, and 

in che Ecliptick be the Point L, but let it 
n the Circle of Latitude LP at P. And 

che Angle n LP is right, and we have the 
12, and its Complement Z LP; in the 

= Z LP we have two Sides, Z L, which was 
ore, and L P, the Men's Latitude, and 

the 


et 


4 
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Lecture the Angle Z L P, whereby we can find out tꝭ 
XXII. Z P, and the Angle Z PL. Let the Radiyy 
the Sine of the Arch Z P, as the horizontal}, 
lax of the Mn to a Fourth, which will k 
This will be the Parallax of the Moon in the 
of Altitude, Let q 4 be an Arch parallel to g 
cliptick; and in the ſmall Triangle P 4g, y 
may be taken as a right-angled Triangle, w| 

the Angle 4 P 3, which is the Complements 
Angle Z PL. to two right Angles, and t. 
Pg: Therefore we ſhall have Pau the Pan 
Latitude, and 9 d the Parallax of Longitude 
becauſe the Latitude of the Moon is but ſmal 
Arch of the Parallel 4 g is nearly equal 9 
Arch of the Ecliptick which is correſpondent u 
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LECTURE XXII. 


The. Theory of the Annual Motion 
EARTH, 


| THERTO we have given u 
count of the general AﬀeCtion 


TS the. Planets Motions, and haet 


bla A ces which i 
: © plained the Appearan 
= 2 n from their Motions and the Moi the f 
Planets —— of the Eh together. We dn, as 


founded on now come to their particular Theories, in wit 
the Motion the Period of each, its Diſtance from the Su! 


of the Form of its Orbit, and its Poſition are detemis 
Earth. | li 


qual, 
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ut ee deing once known, the Place of any Planet Lecture 
diy Zadiact may be computed for any given Time. XXII. 

tal M becauſe the Theories of the Planets are founded 
ll be Motion of the Earth, and are iriveſtigated 


is Motion, it will be neceſſary to begin with 
heory of the Earth. 


! 1, 8 our VIIch Laure we ſhewed how the Motion 

„ Ne Earth round the Sun was the Cauſe of the 

ent i ance of the annual Motion of the Sun in the The Motion 
te tick; and that the Sun, obſerved from the Earth of the 


d to deſcribe the ſame Circle in the Heavens, Earth 


tude: WE: Spectator in the Sun would fee the Earth really aud fy 
ſmall More in. But the Place of the Earth ſeen out of _— v_—_ 
al 6 Wn is always diametrically oppoſite to that Point . Merion 


> Ecliptick in which we on the Earth obſerve of the Sun. 


zm to be placed: And therefore when the Sun 

rs to us in V, the Earth is really in ; when 

sin , the Earth has its Manſion in we. 

therefore, from the apparent Place of the 

which we find out by Obſervation, we can 

determine the Place of the Earth in its pro- 

Orbit. 

ve the Ecliptick cuts the AEquator in two 

ite Points, the Sun will twice every Vear ap- 

in the Æquator or Equinoctial Circle; which The Sun 7+ 
ns, when by his apparent Motion, he arrives #w-ice e- 
he Interſections of theſe two Circles: All the v#7y Tear 
of the Year he will ſeem to decline either to“ the E. 
North or South from the Equator 3 and he 5" "gg 
t bis fartheſt Diſtance from the Æquator, when 9188 

is juſt in the Middle between the two Sec- 

„ that is, go Degrees removed from either, 

there the Sun does not ſeem to alter his De- 

tion for ſome Time; and then the Days keep 


ich! ſame Length: And therefore theſe Points which 
Man the firſt of 8 and W are called the So//titial 
Ne , as the Interſection of the Equator and E- 
1 wil 


ick, are called the E quinoctial Points, becauſe 
n K Sun is ſcen in them, the Days and Nights 
ual, 


SINCE 


2 ty . 
— * 3 
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XXII. the Eeliptick, and every Day ſeems to adm 
=> Degree Eaſtward, he makes no Stay in the} 
ays a 


h 


Nzghts not ment he arrives thete, he leaves them: Ant 


equal but 
«when the 


8 t Ce | Ag 
= Mins. puted equal to the Night; yet it is not predy 


ter at Mid. unleſs the Sun enters the AEquator at U 


day. 
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SINCE. the Sun is ſeen continually m] ef the 
ED. 
the A 
Eclip 
AE 
which 
h we 
oCA 
rvatior 
in the 
AE is 
e Sum 


en, 4 


noctial Points; but in paſfing on, in the ſam 


fore, though the Day the Sun enters the En 
tial Point is called the Equinox, becauſe it 


For if the riſing Sun ſhould enter the Verna] 
nox, at Setting he will have departed from i, 
decline Northwards about the Space of 12); 
therefore, that. Day will be foinewhat longe 


12 Hours, and the Night ſhorter ; but the | Ti 

rence is ſo ſmall that it may be neglected i Mom 
Matter. | 1 inox. 

The Inve- ThE Moment of Time, in which the r 222i: 

Sigation of ters the Æquator, is found out by Oben int 
45 Am ef and from the Latitude of the Place of the ( ner, 

2. — ver. For in the Equinoctial Day, or near is 

Later, an Inſtrument exactly divided into Degrees, ein t. 
nutes, and Parts of Minutes, take the Merida re in 

titude of the Sun: If it be equal to the Al bec⸗ 

of the Æquator, or to the Complement of the agall 

tude, the Sun is in that very Moment in the deen 

quator ; but if it is not equal, take the Diff **!) 

and mark it, for it will be the Declination de fro! 

Sun. Then the next Day again obſerve the l 8 © 

dian Altitude of the Sun, and gather from ber 

dis Declination. If theſe two Declinations & br 

different Kinds, as the one South and the «oiP*'<'on 

Nerth, the Æquinox happens ſometime beter (Quai 

two Obſervations, or if they be both of the ne of 

Sort, the Sun has either not entered the qui one 

tial, or has paſt it. And from theſe two Oi Obſe: 

vations of the Sun's Declination, the Moment has 1 

the Equinox is thus inveſtigated, = 

Table LET C A B he a Portion of the Eli her 
XXI. A A Q an Arch of the Æquator, and let ms 


Fig. 1. 


Interſection be in A, Let C A be the Dec | 
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of the Sun at the Time of the firſt Obſerva- Lecture 
E D his Declination in the ſecond Obſerva- XXII. 
the Arch C E will be the Motion of the Sunn 
Ecliptick for one Day. In the ſpherical Tri- 
AC right-angled at E, we have the Angle 
which the Equator and the Ecliptick make, 
h we ſhewed how to find out in Lecture XIX; 
o C, the Declination of the Sun, known by 
tration, by which we ſhall find the Arch CA. 
in the fame Manner in the Triangle AE D the 
AE is found, and thence the Arch C E, which 
Sum. or Difference of the Arches C A, AE. 
en, As C E is to CA, fo is twenty-four Hours 
Time between the firſt Obſervation and 
Moment of the Ingreſs of the Sun to the 
inox. 
F again, the next Year, the Time of the Sun's The Quar- 
ry into the Æquator be obſerved in the ſame iy of the 


e da 
Wer 525 


be ner, the Time elapſed between the two In- Tropical 
r it Is is the Space of a Tropical Year, or the Time Lear. 

rees, rein the Sun, or rather the Earth, compleats its | 
id Wire in the Ecliptick 3 which is called the Tropical 


, becauſe after it is finiſhed, all the Seaſons re- 
ain in the ſame Order. But by Obſervations 


1 the are made at the Diſtance of a Year, we cannor 
Dif” ly upon the true Quantity of the Year col- 
on of Wd from them; for a ſmall Error of one Minute, 
he Mee "conſtaritly increaſed and multiplied by the 
m the iber of Years, in Proceſs of Time would amount 
ns n prodigious Miſtake in the Place of the Sun. 


erefore the Aftronomers more accurately determine 


wen e Quaintity of the Year, by taking the Obſerva- 
the Hof two Equinocties at many Years Diſtance 
Equin one another; and dividing the Time between 
o 0 Obſervations, by the Number of Revolutions the 


Þ has made, the Quotient will ſhew the Time of 
Revolution, or nearly the Period of the Earth 
ber Orbit. For by this Means, if there be any 


» lo many Parts, according to the Number of 
| Years 


7 - 
- — — 
* 
— — ͤͤä—ä— 


ſake made in the Obſervation, it will be divided 


* 

1 
' \ 
4 | 
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Lecture Years, that it will be inſenſible for the Space 
XXII. Year. | * 
— Tyr Space of Time belonging to the f 


The Ano- 5 Hours, 48 Minutes, and 57 Seconds. Thi 


maliſtical 
car, 


De Motion Ir the Motion of the Earth round the Sy 
of the Sun equal, that is, if it deſcribed equal Angles n 
in the E- the Stem in equal Times, the 5 —— Motion d 
eliptick un- Sun in the Eeliptick would m_ be equal, 
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Year, is by this Means found to conſiſt of 36; 


is ſomewhat leſs than the periodical Time « 
Earth in ber Orbit, which is called the Am 
cal or Periodical Year. For by reaſon of th] 
ceſſion of the Equinocties, which was. explain 
us in the MIIIth Lecture, by which the Pon 
Interſection do conſtantly every Year move hai 
Seconds, and as it were, meet the Sun; th 
will arrive at the Interſection before he has com 
ed his Courſe. Now the Time of the Eart/'s R 
or Anomaliſtical Year is 365 Days, 6 Houts, q 
nutes and 14 Seconds, 


equal, would proceed each Day in the Ecliptick 59! Tre 
And therefore the Place of the Sun would exfi | 
computed for any Time. But we are ſure by ( = 
ſervation, that the apparent Motion of the du a 
not equal, and that he goes thro' ſome Parts dt os 
Ecliptick quicker than thro* others; and partici 4798 
in going thro' the Northern Semicircle of tht 
cliptick, he ſpends near eight Days more than! "7 
paſſing over the Southern Semicircle ; which on * | 
to be performed preciſely in the fame Time, i'r Fe 
apparent Motion of the Sun were equal. More” . 
if we make Obſervations, and from them find oF" 5 
the Motion of the Sun in the Ecliptiek for each Ii 
in ſome Days he will be found to move thro! * 
Space of 61 Minutes in a Day; at other Time t tie 
will ſcarcely be ſeen to have eompleated 57 Minut 10 
The daily THE daily Motion of the Sun in the E« 4 
Motion of tick is obſerved in this Manner, Let CB rr 1 00 
the Sun. ſent the Ecliptick, & Q the Equator, whoſe c ay 


mon Interſection is in A: Take with an Inſtru 
the Meridian Altitude of the Sun; the Altituc 
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Equator in the Place of Obſervation is likewiſe Lecture 


known: The Difference of theſe two Arches XXII. 
ie Declination of the Sun, which will therefore 


* nown, Let G be the Place of the Sun in the 
x Mick, and F G his Declination. In the right- 
Wl 2 Triangle G F A, having the Side F G and the 
4 A, we ſhall find the Arch A G, the Diſtance 
th he dun from the EquinoQtial Point, or his Longi- 


and Place in the Ecliptick at the Time of the 


7 vation. The next Day again obſerve the Me- 
* n Altitude of the Sun, and find from thence 


Declination, which ſuppoſe to be ML, from 

h, and the Angle A, by the ſame Method we 

find out the Arch MA; from which ſubſtract 

Arch A G, and we ſhall have the Arch GM, 

is paſſed through by the Sun in one Day, The 

ſs of this Arch is mutable, according to the 

the Earth has in its Orbit, | 

Az antient Afronomers, who allowed no Mo- The circu- 
in the Heavens but what were circular and ler Hypo- 


7 dat they might give an Account of this ap- fir of 
E t Inequality of the Suns Motion, imagined that the An- 

by ( un moved round the Earth, or the Earth round 
which they 


Sun, (for it is the ſame thing which we ſup- „ 4 
to move or ſtand ſtill) in a circular Orbit, but 75 1 
ntrical ; that is, whoſe Center was at ſome Di- pearances, 
> from the Center of the Ecliptick, in which ; 
placed either the Sun or the Earth; and this 
ar Orbit, they ſuppoſed, was deſcribed by an 
| Motion : And therefore, becauſe the Center 
> Ecliptick was at ſome Diſtance from the 
er of equal Motion, the Motion of either the 
or Earth, ſeen from the Center of the Eclip- 


hro would appear unequal. 
ime et the Circle F & = M repreſent the Eclip- Table 
Minor in whoſe Center is the Sum. MP NA the XXI. 


t of the Earth, whoſe Center is C, diſtant from Fig. 2. 
enter of the Ecliptick by the Line CS, which 

led the Eccentricity. They ſuppoſed the Earth Eccentri 
Wye in this Circle with an equal Motion: And city wha 
therefoꝛe 


\ 
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XXII. would be proportional to the Times ; and the — 
D ſeen from C would not appear to move fſlowe be Iſo 
than in P; but viewed from the Center of thel, 3 

tick, becauſe at A it is farther diſtant than n M : 

would appear to deſcribe leſs Arches in equal I . 

And therefore when the Earth is in A, and: 8 

tator in it, obſerving the Sun in &, will , 

he moves flower than when the Earth i; , or 

and the Sun is ſeen in . And becauſe the M Part: 

the Circle M AN is greater than a Semicirch angles 

NP M leſs than one; it is evident that the Bu 

more Time required to deſcribe the Arch! he 1 

than NPM. But in the Time the Earth hre 

through the Periphery N AM, the Sun ſcemsy n 

ſcribe the Northern Semicircle of the Ecliptich 801 

Y, S, 2; and while the Earth is moving d „ wi 

the Arch MP N, the San will ſeem to han; to 

through the other, or the Southern Semicirk i ricit 

vw, Y. From hence the Reaſon is plain wy Anole 

Sun ſtays longer in the Northern Signs than k , or 

in the Southern, of th 

The Deter- UpoN theſe Suppoſitions they thus determiniW.1 po; 
minations Excentricity and Poſition of the Apſis. In te this 
of the Ec- Year obſerve the Moments of Time wherein f to b 
centricity enters both the Equinoctial Points, wiz. the cent 
5 Fo- and Autumnal ; as alſo the Place of the $m i Lted t 
| fftionof Ecliptick in any other intermediate Time; Time 
ebe . ſuppoſe to be in g, the Barth being wah thc ; 
ebis Sup- When the Earth is in the Point of its Orbit bose 
poſition. Sun is ſeen in the Point V; then the Earth che Ar 
to L, the Sun appears in N; and when it has WWE Tim 

in M, the Sun will be obſerved in =. Dach of 

Place of the Earth in L the right Lines 8 Ene tr, 

Let likewiſe CM, MN, and CN be join; N we be 

let CM, and 8 L, cut one another in O. Mc 2d 


ſervations of the Places of the Sun, we bat 
Angle Y 8 K, as likewiſe its Complement , 
right Angles zz S V. Alſo by the Diſtance 
Time between the Obſervations we have tit 
LM, or the Angle LC M, as alſo the Arch 
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N, we have likewiſe the two Angles at the 
M and N: But in the Triangle MOS, we 
the Angle M SO, and the Angle M : There- 
we have alſo the Angle MOS, and LOC 
h is vertical and equal to it. Suppoſe LC, the 
us of the Eccentrick, to conſiſt of 100000 
I Parts, then in the Triangle LOC, having all 
Angles, and the Side L C, we can find the Side 
But we know MC, which is equal to LC; 
ore we have MO. In the Triangle M OS 
ave all the Angles, and one Side MO, and 
ore we ſhall have OS. Laſtly, In the Tri- 
SOC, having SO and OC, and the Angle 
„which is the Complement of the Angle 
MM to two right Angles, we ſhall find 8 C the 

ntricity, and the Angle OSC; to which add 
Angle MSO, and we ſhall have the Angle 


n It A, or the Arch Y Vf; which ſhews the Po- 
| of the Aphelion, or its Diſtance from the Equi- 

mu Point V. | 

n the] this Method the Antients found the Eccen- 


ein u to be 3450 of ſuch Parts as the Radius of 
* ccentrick was 100000 3 from which they eaſily 
out ed the Motion and Place of the Sun for any 


ne; Time, in the Manner following. In the Or- 
ae Earth, let AP be the Line of the Apſides, 


bit N uppoſe the Earth at L deſcribing its circular Or- 
71h de Arch AL, or the Angle A C L proportional 
Time, will be the Earth's mean Anomaly, as 
raw VR rch of the Ecliptick W zu, or the Angle 8 
$ SL,\ the true Anomaly, Having now the mean Ano- 
oined; we have its Sine LQ, and its Co-fine CQ. 
). Mc add the known Excentricity, and we ſhall 
dQ. Say, as SQ is to LQ, fo is the Ra- 
0 the Tangent of an Angle, which is Q SL, 
therefore will be known. Or thus: In the 
ge SCL we have the Sides SC and CL, 
7 2 ä and 


ent w 
Lance d 
ve the 


yy 


k being proportional to the Times ; therefore we Lecture 
likewiſe the Arch M PN, and the Angle MCN. XXII. 
be Iſoſceles Triangle MCN, having the Angler 


rely made. But it was evident, from Obſer- Lecture 
s of the other Planets,” that their Motions XXII. 
not be accounted for by ſuch a Theory, And 
in the Sun itſelf there is a Phenomenon, which 7% Theory 
to be explained by the Theory of the Antients, 2, 4% An. 
early overturns that Theory, and proves it to,“ 
Wc, viz. By the moſt accurate Obſervations we 1 

that the apparent Diameter of the Sun, when 

in his Apogeon, is 31/ 29/ ; in his Perigeon it 


ſubk 33/ but the apparent Diameters are recipro- 
le l. 2s the Sun's Diſtances. From whence we find, 
he true Diſtance in the Apogeon is to the Di- 


> in the Perigeon, as 1953 is to 1889, or as 
b1 is to 98339; fo that the Eccentricity is but 
of ſuch Parts, whereof the Radius of the Ec- 


| thr ock is 100000. The Theory of the Ancients 
the! the Eccentricity above double of this. And 
„the ere that Theory muſt be falſe, which ſuppoſes 
e it an Eccentricity : For if we ſhould allow but 
iel for the Eccentricity, that would better an- 


to the apparent Diameters of the Sun, when 
are nicely obſerved : But then, on the other 
I, ſo {mal an Eccentricity would not account 
he Inequalities of the Sun's Motion, making the 
r of the Eccentrick the Center of the middle 
n; for by computing we find the Equations or 
hapbereſes twice as great as what they would 
int to with half only of the Eccentricity of the 
nts: And therefore it is plain, that this Theory 


Antients muſt be falſe. 
r fagacious Kepler obſerving this, ſhewed that Kepler's 
he ccentricity was indeed to be biſected; but fo, Correction 
RS he Center of the Eccentrick was in D, in the of zz. 


le Point between the Sun and the Point C; 
which C, if the Motion of the Earth were 
d, it would appear equal, This Point C, which 
ſtant from the Center of the Eccentrick by 
the Eccentricity of the Antients, was called 
nter of the middle Motion; becauſe from it 
lotion of the Earth would always be ſeen in a 
9 3 mean 
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Lecture mean Motion between its quick and flow Progr 
XXII. the Ecliptick. 

— is true, Copernicus, and many other Am 
thought it abſurd to ſuppoſe the Earth carrie 

Circle, whoſe Center was not the Center 9 

equal Motion; for then the Earth's Motiong 

not only be in Appearance, but really in it{ 

equal; and in ſome Parts of the Periphery of in 

bit it would move faſter, in other flower, com 

to their eſtabliſhed Maxim, of having all the My 

perfectly uniform. 

Kepler's BuT Kepler, when he had demonſtrated that 
Elliptick and the other Planets, were not carried roun{{ 
Theory, Sun in circular, but in elliptical Orbits; and! 
the Sun was in one of the Foci of thoſe Ellipſes; 

that the Planets, in moving round him, did fon 

late their Motions, that a Line or Ray drawn 

the Sun to the Planet, did ſweep an Ellipric | 

or Space, always proportional to the Time the! 

net moved, he thought it but reaſonable to {up 

the Earth, in turning round the Sun, ſhould cd 

the ſame Law, and be carried likewiſe in an ell 

Orbit. This Theory anſwers exactly to al 

There are pearances ; but it follows from it, that there ar 
mo Centers Centers of equal or middle Motion, from which 
| of middle Planets can be ſeen to deſcribe Angles proportion 
| Motion. the Times. And therefore many Aſtronomer, | 
adhering to the Opinion that there were Center 
| equal Motion, rejected this Theory of Kepler's 
| for all that they retained the elliptick Form d. 
planetary Orbits. And becauſe in the Axis 0 

Ellipſe there are two Points equally diſtant from 

Center, which are called the Focz, in one of vn 

they, with Kepler, placed the Sun; the other, . 

was diſtant from the Sun the double of the Ec | 

tricity, they imagined to be the Center of equal 

tion, and round it they ſuppoſed the Planets t 

ſcribe Angles proportional to the Times; which, 

deed, in Ellipſes, that are not very eccentrici, 

nearly true, as Kepler himſelf acknowledges, 4% 
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rue Laws of Nature, and they feigned, that in 
Orbit there was a certain Point for the Center 


Jes proportional to the Times: But fince the 


only has Place in Nature ; and all Obſervations 
pre, that the Planets do really regulate their Mo- 


punt of a Want in Geometry, nor is the Fault 


ted to the Unſkilfulneſs of the Aſtronomers in 
. We therefore, that we may remove this 


wing Lecture will ſhew a direct Method of find- 
the true Anomaly of a Planet, from its mean 
maly given, 
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hereafter demonſtrate, This Hypotheſis they Lecture | 
the better, becauſe there was no direct or geo- XXII nt; 


ical Method in the Theory of Kepler, to find Wynn N 
the true Anomaly from the Mean; which, 115 
other Theory, they could eaſily find. Upon the 
nt of this Deficiency of Method, many Aſtro- > Fl 


Kepler's 1 


5 objefted to Kepler aywwpergnoiar or want of efleemed 
try in his Theory; and rejecting it, went upon ung eome- 
Hypotheſes, which did not ſo well agree with rica]. 


ual Motion, round which the Planets deſcribed 
of Kepler is that which does really obtain, 


its Laws; it is not to be rejected upon the 
lid upon the Theory, which is rather to be 


iſh of want of Geometry for the future, in the 


T 4 LE C- 


— —— — — 


| 
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LECTURE XXIII 


Of the Motion of a Planet in an EI 
and the Solution of Kepler's Pn 
about the cutting of the Elliptick An 


\ HE Great Kepler was the firſt whi 

monſtrated, that the Planets di. 
move in circular Orbits, but that k 
were carried round the Sun in ella 


N 


5 
7 A 


| 
/V 
3A 


V 4. att ca cc cen 


BS) [ = 
ones; all which had one comma the 
cus, in which the Sun reſided: nn deſ 


that the Planets in their Motions conſtantly obſ 
a certain Law, viz. that a Ray or Line, rei 
from the Sun to the Planet, did ſweep elliptical SM 
that were proportional to the Times, 
By Ke- Trx1s admirable and divine Invention of | 
pler's The- ſagacious Kepler, was owing to the exact Obſe 


ory Sir tions of Tycho Brahe; and is ſo much more b * 
Iſaac valued, for that by the Help of it, the moſt iu N 4 
Newton parable. Philoſopher Sir Iſaac Newton diſco the 
found out the univerſal Laws of Motion, the Syſtem of! grea 


Seeg Univerſe, and the whole Body of the Cel 


4 P hilsſophy, which was intirely unknown bein 


Motions, Kepler alſo demonſtrated, from Obſervations i 1. 
the Motions, that in all the Planets their peri ' 
The Fre- cal Times were in a ſeſquiplicate Proportion Wl * 
2 =, R their mean Diſtances from the Sun, or of | ality 
ceriedical greater Axis of the Ellipſes, which are equal 


Times to twice the mean Diftances ; that is, the Squars' 
their Di- the periodical Times are conſtantly as the Cub 
flances of the greater Axes : And therefore, if in tuo xc! 
Found out rent Ellipſes the greater Axes be called A, late 
by Kepler, | 
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periodical Times T and 1; then we ſhall Lecture 
their Analogy T: t* : A': a, and T: :: XXIII. 
1 — 


q » 

*NCE it follows, that in different Ellipſes, the 
'. deſcribed by two Planets in the ſame Time, 
in ſubduplicate Proportion of the Parame- 
or Latera refta of the Ellipſes; which I thus 
. It is known from the Property of the 
ſe, that its Area is as the Rectangle under 
two Axes of it; that is, if the two Axes 
he greater Ellipſe be called A and M, and 
two Axes of the ſmaller Ellipſe be called a 
m; the Area of the greater Ellipſe will be 
> Area of the leſſer, as A Xx Mis toa X m. 
therefore, when we are ſpeaking of the Pro- 
ion of the Area's, we may put theſe Rectan- ; 
inſtead of the Area's. In the greater Ellipſe The Area's 


Z 12,4 toc cc ex 


. the Area deſcribed in a given Time X, the 4/eribed in 
a deſcribed in the leſſer Ellipſe in the ſame e. ſame 
> e x, and the Time given in which they are Time in a 


ed y; the Latera re&a of the Ellipſes call /#6dupli- 
ind J, the periodical Times T and t. From ©* Pro- 
| Theory above explained it follows, that X 1 * > 
Obe r © alſo that @Xm:x:: t : 5. rel fe 
W therefore, by Equality of Proportion, wil Elliphes. 


| inc Kax n AN M: 7: Tf: af: Af, But 
cow e the leſſer Axis is a mean Proportional between 
n oft greater Axis and the Latus rectum, M will 


A* x L*, and m = a* * *: And therefore 


| 1 x WEE 
un . Nur A L* :: a : A*, And therefore 
tion WWF! : * L* :: 1: 1; that is, in Proportion of 


ality: And therefore X: x:: L* : . And 


= oc, in different Ellipſes, the Area's deſcribed 
Cul tie ſame Time, are as the ſquare Roots of their 


_” 7:7. 

to ce therefore the Law, by which the Planets 
uate their Motions, is the equal or uniform De- 
ſcription 
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Lecture ſcription of the Area's, it is impoſſible that the! 
XXIII. nets can every where move with the ſame uti 
Velocity, but it muſt conſtantly be changed: g 

' going from the Perihelion to the Aphelion, they, 


The Velo conſtantly flacken their Pace; but as they dey V. 
city every from the Apheliom to the Perihelion they muſt i ¶ ty in 
where re- quicken their Motions: And in the Aphelin e; 
ciprocal to have the loweſt, in the Peribelion the quickeſt e C 
the Squares tion: And the Velocity will be every where re G i 
* cally as a Perpendicular that falls upon a Right uſe « 
* ng through the Planet and touching the . 25 
PlateXXI. Let DAF be an Ellipſe, whoſe Focus is 8; a the V 
Fig. 3. ſe the Arches A B, à b thereof to be gone ey in 
y the Planet in equal Times that are exc Velo 
ſmall, the Triangles SA B and 8 @ 6 will be q p i; 
for they are the Area's that the carrying Ray dea 
in equal Times. From the Focus S let fall on ii 
Tangents the Perpendiculars S P, Sp, and the? 
angle S A B will be equal to g S PX AB: l HE 
wiſe the Triangle 8 a 6 will be equal to 4 8 þ xd E as 
And therefore SP:Sp::ab: AB: But AB x F 
a b, ſince they are Lines deſcribed in the ſame In x F 
are as the Velocities : W herefore the Velocity in 4 atior 
to the Velocity in a, as S p is to S P, the Perpendi | „F 
lar. Mr. De Aaivre, in the Philgſpbical Tana p 
Ne 352, has likewiſe demonſtrated the two follow Ss 
T heorems concerning the Elliptick Motion. zus 
THEOREM I. dP x 
Theo- LET APB be the elliptick Orbit, in which ji * 
rem to de- poſe a Planet to move round the Sun in the Focus 1 
termine the Let C be the Center of the Ellipſe, C B balf th: u, 
Proportion Axis, C D half the leſſer, and F the other Focus, l 0 1 
4 the Ve- Planet being in P, draw the right Lines & P, F! * 
city. then the Velocity of the Planet in P, will be ta thil Tin 
Table lacity in its mean Diflance $ D, in a ſubduplicate I! eat 
WAV. portion of its Diflance E P from the Focus E » Af. 
5 7: Diſtance 8 P from the Focus &. of Dig 
LET the fight Line EP G touch the Ellipſe wh 


P, and from each of the Hei on the Tangent ke ff 


Perpendiculars 8 E, FG; and let 8 H be Lecture 
erpendicular on the Tangent D H. The Velo- XXIII. 
W in Pös, as we have ſhewed, to the Velocity , 
D, as SH is to 8 E: And therefore the Square 
| Velocity in P is to the Square of the Ve- 
in D, as 8 H ſquare or C D ſquare to 8 E 
e chat is by the Nature of the Ellipſe (be- 
e CD ſquare is equal to S EN F G) as S E 
G is to S E Square, or as F G to S E. But 
zuſe of the equiangular Triangles F G is to 
as F P is to 8 P: Wherefore the Square 
oe Velocity in P, is to the Square of the Ve- 
Wty in D, as FP is to 8 P: And conſequently, 
Velocity in P, is to the Velocity in D, as 


Pis to / S P, which was to be demonſtrated, 
THEOREM II. 


5 


80 li HE Radius is to the Sine of the Angle 
þ 10 Ea /S PX FP to CD. For SP Square is to 
* x FP:: SP: FP: : SE: F G:: S E ſquare: 
e Ti 


xFG::SE ſquare: C D ſquare. And by Al- 
aon of Proportion 8 P ſquare: S E ſquare : : 
oO FP: C D ſquare: And therefore SP: S E:: 
[JS x P: C D: But S P: S E:: Radius is to 
Line of the Angle SP E. Therefore as the 
lus is to the Sine of the Angle SPE, fo is 


SPF FP to CD, which was to be demonſtra- 


Vi have already ſhewed the Proportion by which The angu- 
abſolute Velocity increaſes or decreaſes: But we lar Velo 
e another Theorem for determining the angular % at the 
locity, or the Angle which a Planet, ſeen from Sun 4 as 
Sun, will appear to deſcribe in a ſmall Particle“ Rar 
Time: For it is every where reciprocally in * ah ” 
licate Proportion of the Diſtance from the Sun; ciprocally 
ich I thus demonſtrate. At the Center 8, at plate x XI. 
Diſtances $ B, S 5 deſcribe the ſmall Arches BE, Fig, 3. 

» Where A B, @ b are the ſmall elliptick Arches | 

h deſcribed 
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Lecture deſcribed in equal Times: In S B take 8 m equi 
XXIII. 
Velocity in 6 is to the angular Velocity in B, ug 


The Angu- BUT to explain more clearly the Inequality if 
lar Velocity the Planets Motions, and the various Increaſe a 
of a Pla- Decreaſe of their angular Velocities, it will he 
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S b, and draw the ſmall Arch m = And the ai Seto 
Arch h eis to the Arch mn But the Proporting 

he to m is compounded of the Proportion q 
to B E, and of BE to m n. And becauſe the 
angles BSA and bS à are equal, be will be toi 
as SB is to Sb: And becauſe the Arches BF; 
men are ſimilar, BE is to m n likewiſe, as $} 
Sm, or as SB to Sb: Wherefore the Proporta 
be to mn is compounded of the Proportion of 
toS b, and again of SB to $5; that is, the ay 
lar Velocity at & is to the angular Velocity at A 
the Square of SB is to the Square of 8 5, that is, vi 
ciprocally as the Squares of the Diſtances, | 


net cm quiſite to compare their Motions in different Pan 
er of their Orbit, with an equal and uniform Mott the | 
71 of X a Body moving in a Circle. Let therefore t Ix d 
* Boch Ellipſe AE B F be the Orbit of a Planet in wid otion 
moving in Focus is the Sun 8. Its greater Axis A B, and lele oo 
r the 


a Circle. 


plate xxl. a mean Proportional between A K and OK, th 
Fig. 4. 


O Q. At the Center S and Diſtance S E, whict 


two Semiaxes, deſcribe the Circle C E GF. I 
Area of this Circle will be equal to the Area > tk 
Ellipſe, as it is eaſily to be demonſtrated from tk 
Nature of the Ellipſe: And let us ſuppoſe a Pong 
to move with an uniform or equal Motion thro' ti 
Periphery CE GF, in the ſame Time that t. 
Planet deſcribes the Ellipſe : And when the Plant 
is in its Aphelion A, let the circulating Point be i 
C, in the Line of the Apſides. The Motion of ti 
Point will repreſent the equal or middle Motion d 
the Planet, and the Point will deſcribe round 8 Arai © 
or Sectors of Circles, which are proportional to ti 
Times, and equal to the elliptick Areas the Plant 
at the ſame Time deſcribes, Let now the qu 


Motion or the Angle round $ proportional * 
in 


here 


LEC TURES. 285 


ebe CSM; and take the Area ASP, equal to Lecture 
W tor CS M; and then the Place of the Planet XXIII. 
ts own Orbit will be P, and the Angle MS D. 
Difference between the true Motion of the Pla- | 
and its mean Motion, is the Equation or Proft- 

herefis : And the Area ACD P will be equal to 
gector DS M, and conſequently, proportional to 


to 

BEN Proſthaphere/is ;/ and conſequently, where this The Area 
$ B ea is biggeſt, there the Profthaphereſis, or the E- propor- 

"rin tion, will be biggeſt : But the Area is biggeſt in //0nal to 

of (& Point E, where the Circle and the Ellipſe cut *5* Proſt- 

e ang h other. For when the Planet deſcends further haphæ- 

at J R, the Equation becomes proportional to the Dif- _ * 

it 1s, ence of the Areas ACE aid m E R, or to the ere t 


Wa GBRm. For when the Planet is in R, let N 
be the Place of the Point moving uniformly in TI; | 
> Circle, the Sector C S V will be equal to the El- 
Wick Area AS R: And taking away the common 
Waces, the Area ACE leſs the Area R E m is equal 


Motu the Sector V S m, or to the Equation, 

fore 0 Is the Perihelion the equal Motion and the true 
n wid otion of the Planet coincide; for the Semicircle 
1d lol E G is equal to the Semi-ellipſe AE B. But af- 


vhich r the Planet departs from the Perihelion B, its 

K, t otion is conſtantly quicker, and it goes before the 

„ oint moving equally with the mean Motion. For 

ck th t the Angle G 8 2 be proportional to the Time, 
om le the Area BS V, equal to the Sector G SZ, 
2 Pois nd Y will be the Place of the Planet in its Orbit; 
ro nd the Angle B S Y will be greater than the Angle 
at th SZ; and the Area GB Y L will be equal to the 

Pla cctor Z 8 L, whoſe Angle is the Equation : And 

t hen here the Area G B Y L is greateſt, there the E- 

of tuation is greateſt ; that is, in the Point F, where 
tion de Circle and Ellipſe cut one another. In A the ere the 
; Arca) <locity of the Planet is the leaſt of all, becauſe the Y-/ociry of 
to te iltance S A is the greateſt ; from thence the Pla- a Planet is 
Plane Pct deſcending to its Peribelion, its Velocity will con- It. 
equl ently increaſe ; but it will ſtill be leſs than 
on ine mean Velocity, till it comes to E, the Interſection 

1106 of 
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Lecture of the Ellipſe and Circle : And there its Velocyy 
XXIII. comes juſt equal to the mean; which I thus ji 
LYN When the Planet is in E, let the Point going y 
Where its the equal or mean Velocity be in n, and the ly 
Velocity is deſcribed round 8, in the fame infinitely ſmallT, 
equaltothe zen 8 E, and the Sector i S m, which will be wll 
— And therefore h Ex E S is equal to i m ms; 
| therefore, becauſe S-m and 8 E are equal, hF, 
i m muſt be equal; and the Angle » S E will bee 
to the Angle : 8 m. At the Point therefore E. 
angular Velocity of the Planet is equal to its m 
Velocity; the Planet going from E, and appr 
ing till nearer to its Peribelion, the Velocity 
here the bigger than the mean Velocity; and its Dita 
Velocity is from the Sun being conſtantly decreaſing, the V6 
greateſt. a will continually increaſe, till it comes to theÞ 
helion, where it is the greateſt of all, becauſe the) 
ſtance SB is the leaſt of all. "The Planet depart 
from thence, and aſcending to the Aphelion, it E 
the Point, which proceeds conſtantly with the mi 
dle Motion, behind it; but as it goes farther d 
from the Sun, its Velocity decreaſes, but is fill by 
ger than the mean Velocity, till it comes to F, te 
Point of Interſection of the Ellipſe and the Circ 
where the Planet's angular Velocity is again equal 
the mean angular Velocity; and when it has palk 
that Point, its Velocity becomes lefs than the men 
and conftantly diminiſhes till it arrives at the 4%. 
lion, where it is the leaſt of all; its Diftance fra 
the Sun being then greateſt of all. | 
SINCE therefore each Planet in different Parts0 
its Orbit has different Degrees of Velocities, n 
the only Equality which is obſerved in its Circilt 
tion round the Sun, is the equal Deſcription or I 
creaſe of the elliptick Area, which grows big 
uniformly with the Time; to determine the Plat 
of a Planet in its Orbit at any given Time, we mit 
take an elliptick Area that is proportional to tt 
Time. And to da this, it is neceſſary to folve ti 
following Problem. ri 
1 : 
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ociy s | | Lecture 
rx. PROBLEM. XXIII. 
he 


find the Poſition of a Right Line, 
which paſſing through one of the Foci 
Jan Ellipſe, ſhall cut off an Area de- 
tribed by its Motion, which ſhall be to 
the whole Area of the Ellipſe in a given 


2 "Wl Proportion. 

+ N ET the Ellipſe be A P B, whoſe Focus is S. I Tab. XXI, 
Dita muſt find the Poſition of the Right Line 8 P, Fig. 5. 
he U cch cuts off the trilineal Area ASP, to which the 0 
theP 


oe Area of the Ellipſe has the ſame Proportion 
t the periodical Time of the Planet has to any 


epa er given Time; which Poſition being found, we 
it El have the Place the Planet is in at the given 
he mint of Time. Or let A Q B be a Semicircle, de- 
ther bed on the greateſt Axis of the Ellipſe ; we muft 
till by wfrom S the LineS Q, which ſhall cut off the 
» F, fa ASQ, to which the Area of the whole Cir- 


\ Circ is in the above-mentioned Proportion, For by 
equal e a Section of a Circle, the Section of the Ellipſe 
2s palit alily found out, letting fall from the Point 


e men 2 Perpendicular on the Axis AB; which will cu 

Ellipſe in the Point P required, to which draw 
ce fron Line S P, and it will be the Right Line which 
des the Area of the Ellipſe in the given Propor- 
dn; ſo that P will be the Place of the Planet: For 
 elliptick Segment A PH is to the circular Seg- 
ent AH, as HP is to HQ; that is, as the 
rea of the whole Ellipſe is to the Area of the whole 


Parts 
es, 1 
Circuly 
1 or In» 


bie cle, as is known from the Nature of the Ellipſe: 
he Platt the Triangle SPH is to the Triangle S Q H, 
we muß the very ſame Proportion by Prop. 1. El. VI. 
to tend therefore, by Prop. 12, EI. V. the elliptick 


„ve ti 


II. 


ea ASP is to the circular Ara ASQ, as 
* Arca of the whole Ellipſe is to the whole or 
ne, 
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Lecture And, by Alternation, the Area A S P is to teu 
XXIII. Ellipſis, as the Area A S Q, is to the Circle, Hy 
if we have a Method of drawing thro' 8 : 
which will cut the Area of the Circle in a 6 
Proportion, it will he eaſy to cut the Area d 

Ellipſe in the ſame Proportion. 

EEPLER, who firſt propoſed the Problem, h 
no direct Method of computing the Planet' | 
from the Time; and expreſly tells us, that 
no direct Way of finding, from the Time ge 
true Anomaly of the Planet, or its Place in iu 
bit. And therefore he found it neceſſary to pot 
every Degree of the Semicircle A QB; an 


ſearch from the Arch A Q, which he call A 
The Ano- Anmaly of the Eccentrick, the Time which vali. or 
maly of preſſed by the Area AS Q, which is proportifi; (+ 
—— mean Anomaly ; as alſo the Angle AS P, n 
gives the true Place and true Anomaly of the He in 
which he computed by Calculation. And the e Ci 
becauſe he could not directly and geometrically i of 
the Problem, ſome Aſtronomers objected to hin upon 
aywwiTendia or want of Geometry; and that hex The 
ſo fond of phyſical Cauſes, that he had departed the 
Geometry; and they blamed his 4/tronony, 1 $1 
being geometrical, fince it was founded on ſud onſt: 
Theory. And therefore that they might pro 
the committing of ſuch a Fault, they went SF, 
other Hypotheſes and feigned a Point round vπ 
the Planet's Motion ſhould be equal, or the n 
proportional to the Times: And from thence, e. 
mean Anomaly being given, they calculated | be 
true Place of the Planet. But the Calculta Sf. 
founded on theſe ZFypotheſes were found nd erte. 
anſwer Obſervations : For there is really no N, 
Point which is the Center of equal Motion, vill 
which the Planets deſcribe Angles propor. 
to the Times: and the only Theory, that ec 
ſwers all Obſervations, is that above explained e Ar 
Kepler. And therefore, the A/fronomers mult . de 


for ever embrace this Theory of Kepler, nd TAY 


, ore, 
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they only agrees perfectly with the Motions of the Lecture 
8 es, but alſo lays moſt clegantly open the Cauſe XXIII. 
2 


this Theory ſo much, that he choſe rather to 
up with an indirect Method of Calculation, 
contrive another Hypot heſis that was not agreeable 
Nature of Things; andfor this the ableſt Judges 
not diſpleaſed with him. Therefore to take 
dis Blemiſh of want of Geometry out of our 
| we will here ſhew a direct Method by 


5 


h the Area of an Ellipſe, or of a Circle, which 
ö vivalent, may be cut in a given Proportion. 
1 tr AQB be a Semicircle whoſe Diameter is the 
call r Axis of the Ellipſe, its Center C; and 8 the 


of the Ellipſe in which the Sun is placed. 


upon it, produced if required, the Perpendicular 
The Area ASQ is equal to the Sector AC Q 


rted in the Triangle QS C; that is, equal ; QC x 
5 2 +:QCxSF. And therefore, becauſe 3 QC 
* onſtant Quantity, the Area ASQ will be al- 
nt e 


 propottionable to the Arch A Q +, the right 
dF, when the Motion is from the Aphelion to 
"erihelion : But when the Planet aſcends from the 
pelton to the Aphelion, the Area BS 9g is equal to 
ector BCg— Triangle CS 9. And therefore it 
be proportional to the Arch Bq— the right 
Sf. Hence, if we take the Arch AN or BA 
ortional to the Time, A Q SF will be equal 
IN, or Bq—Sf=Bn; for then AN and 
will be proportional to the Area's ASQ and 


ex, if we have the Arch AQ, and add to 
lained| e Arch QN, which is equal to the fight Line 
auſt VS; the Arch AN will be proportional to the Time, 
{yn qual to the mean Anomaly of the Planet; and 


ore, if we have the true Anomaly of a Planet, 
U | we 


— 


Source of all thoſe Motions. Kepler himſelf va 


te Place of the Planet imagine a Perpendicu- Table 
H to be drawn to the Axis, meeting with the XXI. 


he ue in Q: Then the Area ASQ will be to the Fig. 6. 
ae Circle as the given Time is to the periodical 
wk. of the Planet. Draw CQ, and from 8 let 


Lecture we may eaſily find the Mean, or the Time. 
XXIII. let QC be to SC as 57, 29578 (which Nu 
3 expreſſes the Length of an Arch in 
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Parts of a Degrce that is equal to the Radius 
fourth Number; and we ſhall have an Arch on 
SC in Degrees and decimal Parts. Call thi 
B; and becauſe SC is to SF, as the Radiu 
the Sine of the Angle SCF or ACQ,þ 
the Radius is to the Sine of AC Q, fo is the 
B to a Fourth; and then we ſhall have, in U 
and decimal Parts, an Arch in the Periphery 09 
which is equal to the right Line SF: And bk 
SF is equal to Q,N, we have the Arch Q 
alſo the Arch A N, which is proportional n 
Time. . 

Leer us explain this by Examples in the (| 
of Mars. The Eccentricity of this Orbit ut 
mean Diſtance as 14100 is to 152369. Andi 
fore the Logarithm of the Arch B, which is 
to SC is 0,7244446: And therefore, if we 
have the mean Anomaly, when the Anomald 
Eccentrick is one Degree, add the Log. Sined 
Degree to the Log. of B, the Sum is 8,96by 
This being the Log. of the Number 0,092533/ 
preſſes the Length of the Arch Q N in decimal! 
of a Degree. And therefore the Arch AN, u 
mean Anomaly, is 1,092533 or 1* 5/0 34, I 
Manner, if the Anomaly of the Eccentrick be 
to its Log. Sine add the conſtant Log. of B; an 
Sum will be o, 4234146, which is the Log. d 
Number 2,651 ; and therefore the mean An 
AN anfwering to 30 Degrees of the Ecœm 
Anomaly, is 32,651, or 32 39/ 3//. This M 
is much quicker and eaſier than that which þ 
gives; where, by an indirect Method, and the! 
of falſe Poſition, he ſhews how to compute tit! 
Anomaly from the Mean. 

LET us now come to the Method I prot 
of directly finding the true Anomaly iron 
Mean. In the Figure, let the Arch AN ke 
mean Anomaly, or proportional to the ! 
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me, the Anomaly of the Eccentrick which is to Lecture 
N and. Call the Arch NQ y, and the Sine of XXIII. 

egrek call e, and Co- ſine f; and let the Eccentricit/ .. 
due g. The Sine of the Arch A Q is equal to the 

h of the Arch AN — NQ, equal 8 the Sine 

this je Arch A N—y. But we have demonſtrated 

din e Elements of Trigonometry that if the Sine 

o I > Arch AN be e, the Sine of the Arch 

in Dy | —j, or of AQ will be e _{2_ 2 + 22 

1 ; . 

nd tn c. But the Radius which is 1, is to 


2.3.4 
ine of the Arch AQ, as S Cor ꝶ is to SF or 


8542 


that is to y: And therefore y = 4 


4 £17 2 125 + Kc. And therefore we 


ch i; 8 p 
ven = 5/2 £7 . 
nah a * TIT 1.2.) 1.2.3.4 
Nos Let ge = 2, and 1 e, 
92535⁰ | | 
cimall =c; and 2 7 d. And the Equation 
* e in this Form z t 55 — * + 45. 
5 * And therefore, by the Method of Reverſion 
B; an eries, invented by Sir ISAAC NEWTON, 
Log, d AY bz? 2 b TAC 
+ 
. be 4 2 
This Me — dab of. 4 x , &c. But becauſe 
zhich J = 8 
nd the BG == and d = — we ſhall have) = = 
ute the! "2 244 


z bs 
+= — 52 &e, But if the Arch AN 


ater than go Degrees, and leſs than 270, then ge 
U 2 of 


I prot 
y from 
\N ie 
the 1 


Fur | e y? f q3 
J. or z=y=g fy += 4 £19 __ 
— — 
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I.2.3 1.2.3.4 d, 
thena=1T—#g 7, and y ==— = —2 F 


This Series expreſſes the Arch Q N, the! 

whereof the Radius is 100000: But to hae 
Degrees, and Parts of a Degree, ſay, as the M 
is to this Series, ſo is 57.29578, which are th] 
grees of an Arch equal to the Radius, to a Fa 
conſequently, ſince the Radius is Unity, if vet 
tiply the Series by 57.29578, which Numb: 
R, we ſhall have the Arch y in Degrees and 


Rz—R 83 
R 2 n 


3 2 a3 a* 


mal Parts = 


firſt Term of this Series — is ſuffictnt to wil 


mine the Anomaly of the Eccentrick in alnd 
the Planets, ny enough. For in Mar, til 
ror ſeldom exceeds the 200th Part of a Degre 
the Earth it is leſs than the 10000th Part of 21 
gree, But it will be beſt to ſhew the Uſe of thi) 
thod by Examples. 

In the Earth's Orbit the Eecentricity is 0,01 
when the mean Diſtance C Q is 1. Suppoſe n 
to find the Anomaly of the Eccentrick, and thea 
Anomaly when the mean Anomaly is 30 Dem 


The Log. of Eccentricity is — 8.228 
The Log. Sine of 300 


The Log. of R — The 
The Log. of R z The 
The Log. of a ſubſtract —— The 
The Log. of the Arch) —— %% Tie 

To which anſwers the Number 0447744 © The 
e 


ſexageſimal Numbers 28/ 38/ : The reſt 6 
Terms don't amount to the 10000th Pau! 
Degree, and may therefore be neglected. If l 
fore from 30 Degrees we deduct 28! 38", be! 
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the Arch A Q 289 31/ 22//, In the Triangle Lecture | 

8, we have the Sides QC, C 8, and the An- XXIII. if 
| 
i 


CQ: Wherefore we ſhall have the Angle 


> — C. The Analogy is CET LY Bok I 

= Cs, or BS :: Tangent - ST Le | 
vet | 

ay 4 gent of 2 * £ I Therefore, if from | | 

2 Foy angent of half the Angle A C Q we ſubſtract | 

if ve Want Log. 0,0146893, we ſhall have the Tan- 

mar. of an Angle, which, added to half the Angle 


Q, gives the Angle CSQ, or ASQ, which 
We: preſent Caſe, is 299. 3/. /. But to find | 
nale ASP, we muſt diminiſh the Tangent of the PlateXXT, El 
WW: ASQ, in the Proportion of the bigger Axis Fig. 5. | | 
e Ellipſe, to its lefſer. Therefore, from the hk 
thmick Tangent of ASQ, take away the 
ant Log, 0,0000622, which is the Log. of the 


Y : of the greater Axis to the leſs, and we ſhal! N 
$7 the Log. Tangent of the Angle ASP; which | 
of this is equal to 29. /. 54/7. And this is the co- 1 


d Anomaly, 

the Orbit of Mars, the Eccentricity is 14100 
ch Parts as the mean Diſtance is 152369. And 
fore, the Log. of the Ratio of SC to CQ, is 
b3226 = Log. of g. Let us us find the Ano- 
of the Eccentrick, when the mean Anomaly 
Degree. 

The Log. of Eccentricity — 8, 9663226 
The Log. Sine of 1 Deg. 8,2418453 


NS —ꝛ—ͤ =" 
> Pos — - 


- 

— I a 4 * 
4 m4 

— - -- — — — D GC 


9,008 The Log. of R — — 1581220 
n. Log. of R z | 3,9662899 
0.07 be Log. of 4 ſubſtract —— 0,0384299 
br F The Log. 4 — 38, 9278600 
| 0 % Tas [fn anſwering this Log. is 


69), and gives the Bigneſs of the Arch NQ, 
P's Error is leſs than the 3ooooth Part of a 


. 
. 


U 3 Secondly, 
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Lecture Secondly, SUPPOSE the mean Anomaly is 4 5 
XXIII. grees, and I am to find the Anomaly of ti: - 
ny centrick. 552 
The Log, of Eccentricity — 8,96 g 
The Log. Sine of 455 —— 9,84% bei 
'The Log, of R — — 1% %% m2 
The Log, of R 2 m— uh 
The Log. of à ſubſtrack —— 0,02 
Rx ae 
The Log. of 3 — o, 54 
To which anſwers the Number 3,5 189, whit the Pe 
more than the Truth, by about 150th Par trul 
Degree: And to correct this Error, take the ft "Gl, 
Term of the i V 
2 a* [tion C 
will be found equal to the Fraction 0,0065, Cs: 
ſubſtract this from the firft, there will Men the 
3,5 124, which expreſſes the Arch N Q true u Angle 
100000th Part of a Degree. | e Log 
Thirdly, LET us find out the Anomaly of tè les: 
centrick, when the mean Motion is 100 Dei Ta. 
or Ct 


Rx 
add the Log. & = and we ſhall have the 


In this Caſe a = 1 — g f = 0,983930. 


The Log. Eccentricity, or of 8,966} 
The Log. Sine of 100?, or of 80% 94,9933 
The Log. of R 1,75811 
The Log. of R z 0, 17 


The Log. of a ſubſtractt — 9,992 


The Log, of — 0,720 


The Number anſwering to this Log. is 53 
which is greater than the Truth, by about the! 
Part of a Degree; and therefore, to correct! 


Error, double the Log. of —, and to the Pn 
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is 6 . and the Number anſwering to it, is 7770 
ſ a 
552, whoſe Half 0,02276 is equal to - 5 2 — 

40 


being ſubſtracted from the former, there 
remain 5,2841 for the Arch NQ; which is 
the looooth Part of a Degree diſtant from 
Truth. Tis here to be obſerved, that though the 


nd Term of the Serie be- — X. 


the Part of it 72 is ſufficient to determine 


truly to the 1ooooth Part of a Degree. 


avinc found the Arch AQ, or the Angle 
Q, we compute the Angle ASQ by the Re- 
tion of the Triangle QC S, whoſe Sides QC 
ICS are given, with the Angle contained be- 
en them; and then the Logarithm Tangent of 
Angle A 8 Q is to be diminiſhed, by taking from 
e 3 of the Ratio of the greater Axis to 
leſs: And then there will remain the logarith- 
k Tangent of the Angle ASP, which is the 
or coequated Anomaly, 


WS (ES, 2 


4 
A 4 li \ 
, 7 ee 
4 M 
* N ö * by 
d BY ' < X Y 2 


Us LECTURE 


LECTURE XXIV 
Sir ISAAC NEW TON Sollte 


Kepler's Problem ; and Ward's Eli 
H 1 is explained. 


UR Method of Solution, explin 

the preceding Letture, and that, 
25 IsAAc NEWTON'S e 
in his Principles, pag. 101, ©! 
pon the ſame Foundation; whi 
lc that the right Line SF i: e012 
Length e to the Arch Q N: But the Newtnia! 
thod is not unlike to that uſed by the Anahſt;,n 
they extract the Roots of affected Equations: 
it is ſo much more to be valued, that it note 
gives eaſily the Planets Places, whoſe Oct 
nearly circular, but almoſt with the ſame Eaſe 
be uſed to determine the Comets Places, ub 
very eccentrick Orbits. And this may liber 
performed by our Method, if inſtead of the 
A N, we take another Arch A, more nearly cd 
A Q, whoſe Sine is e; and inſtead of nd 
2 e, ſuppoſe z=ge FA— AN. And 
ing the Sine of the Arch A + y we ſhall com | | 
an Equation of the ſame Form with the f 
where z and y are much leſs, and conſequent) 
Series will converge much faſter. 

I will here explain the Newtonian Method, 
it is of great Uſe and Expedition, for the alt 
thoſe who are willing to calculate Tables upon f. 
ciples grounded on the true Laws of Motion, 
not upon abſurd Hypotheſes. 

We have already ſhewed that if the Arch! 
be the Anomaly of the Eccentrick, that, tog ; 


o 
4 „ — * ä — — * - 
-— 88 Aae * * _ — A. 9 * _ 4 n 


— « * af a 3 a 
C 


2 


— 


2 

- 

= 
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the right Line 8 F let fall from S upon the Lecture 

us C Q perpendicularly, will be proportional XXIV. 

e Time when the Planet deſcends from tb! 

iin to the Peribelian; and the Difference be- 

dhe Arch B Q and S F proportional to the Table 

Ne, when it aſcends from the Peribelion to the XXII. 

In: And therefore, if we take the A:ch A N Fig. 1. 

N proportional to the Time, the Arch Q N 

be equal to 8 F. Therefore, to find in De- 

nnd decimal Parts the Meaſure of an Arch 

e Pcriphery which is equal to 8 F: Say, as 

WW) i:to CS, fo is 57, 29578 Degrees, which 

Wal to the Radius, to a Fourth: This Num- 

ill expreſs the Bigneſs of an Arch in the Pe- 

Wcry A Q B which is equal to CS: The Log. 

Wis Arch call B. And becauſe 8 C is to S F, 

We Radius is to the Sine of the Angle ACQ; 

as the Radius is to this Sine, ſo is the Arch 

ſe Log. is B, to another, which call D; then 

Arch D, will be equal to SF. And therefore, 

t the given Time, the Arch AN and the Area 

d Q are proportional each to the Time, and I 

NP equal to D, the Point P will fall on Q: 

if the Area AS Q be not exactly proportional 

the Time, the Point P will either fall above or 

dw Q, according as the Area ASQ is bigger 

es than the Truth. Let the true Area be A 8 g, 

| upon C g let fall the Perpendicular S E; which 

what we have already ſhewed, is equal to N g- 

d therefore 8S E — S F or 8 F — 8 E, that 

nearly the Line L E, is equal to gP=Q P 

Lor Q q — Q p. Now if the Angle 

C 9 be ſmall, we have CE: Cgq:: LE: 

„ Q P- Q: Q g And therefore CE 

CY: C:: QP: Q g. After the fame way, 

en B g is leſs than a Quadrant, Cq—CE: * 

„ QP: Q g. When the Planet is near the 

elm or Perthelion, C E becomes nearly equal 

CS; nd CQ + CE is almoſt the ſame with 

d: And therefore QP:Qg::AS: AC, when 
8 the 
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Lecture the Arch A is leſs than a Quadrant, but w 
XXIV. By is leſs than a Quadrant, then as SB: (}. 


ry Q P: Q g. Say, as CS: CQ: : R the Radu 


a Line L, and then C C= * E. Alf 
Radius is to the Co-ſine of ACQ as SC: (1 
or C E, which are nearly equal: WWW 


C E N 


„ Whence we have | 


Analogy QP: Q:: SCxL+SCx CG. 


R its L 
— E.: 14 Co- ſine AQ: L; when A0 72 


leſs than a Quadrant: But if it be greater tha 
Quadrant, QP will be to Q:: L — Col 
AQ, L. And in this Manner, if there be an kr 
taken as A q, which is either a little leſs or him 
than the Truth, we ſhall find the Arch AQ, wh 
is to be added or ſubſtracted; ſo that the An 
ASQ may be nearly proportional to the Tine 
And, if inſtead of A Q we take another Arch A( 
and argue as in the former Arch, we ſhall have an 
A g, nearer to the Truth: And by this Means u 
ſhall conſtantly approach to the true Arch, ſo thattk 
Difference may be leſs than any given Quantity, 
This Me- THERE is no need of explaining this Meth 
tbed illu- any farther, we will only illuſtrate it with I 
firated by amples, in the Motions of the Planet Mars. | 
Examples. Narss Orbit the Logarithm B, is 0,7244446 ; at 
the Longitude L, is 1080631 of fuch Parts as tit 
Radius is 100000. 
if Ex- LET us find the Angle ACQ, when the met 
auple. Anomaly or Arch proportional to the Time 
only one Degree: Becauſe CS is almoſt the ten 
Part of CA, I ſuppoſe A Q to be 0,9 Deg. tid 
is a tenth Part leſs than the mean Anomaly, Ad 
the Log. Sine of 0,9 to the Log. B, and © 
Sum is 8,9205466 — to the Log, of the Num 
0,083281 ; this Number expreſſes the Bignels * 
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Arch equal to S FNP: And if the Arch Lecture 
LQ had been rightly aſſumed, AN — NP had XXIV. 
n equal to AQ, and QP Zo. But in tber 
eſent Caſe, Q is equal 0,01671 ; from which, if 
take away its tenth Part, becauſe AS is greater 
AC, by about a tenth Part, we ſhall have 

4 = 0,01504, which being added to A . gives 
(= 0,91504. 
24% LET the Arch AN, or the mean Ano- 24 Ex- 
ly be 2 Degrees; I ſuppoſe the Arch A Q to ample. 
1,83, almoſt double of the former ; and adding 
d its Log. Sine the Log. B, the Sum is 9,2286992, 
he Log. of the Number o, 16931. And then 
)P = 0,c0069 ; from which, ſubſtracting a tenth 
at, Qq is nearly = 0,00063, and Ag 1,83063, 
Thich is not the I0000th Part of a Degree different 
rom the Truth. 

zdy, SUpPO8E the Arch proportional to the 34 Ex- 
ime, to be three Degrees, I take AQ to be 2,745 ample. 
1,83+ 0,915 ; and to its Log. Sine, adding the 
dg. B, we have the Log. of the Number o, 25 392 

NP, and AN — NP = 2,4638, therefore 
Q4= 0,001 nearly, and Ag = 2,746 : So that by 
ne Addition of two Logarithms, we have the Arch 
\ q, true to the thouſandth Part of a Degree. 
| 4tby, Now if we ſhould not proceed by ſingle De- 4% Ex- 
rees, but were to find the Angle A CQ, when the ample. 
ein Anomaly is much larger; for Example, 45: 
make my Suppoſition, that the Arch A Q is 40 De- 
rrees, and to its Log. Sine add the Log. B; the Sum 
Is 0,5 320121, equal to the Log. of the Number 
44081, which Number ſubſtracted from 45, leaves 
AN—NP=41,5919, which exceeds the Arch 
AQ by 1,5919. And therefore, if we take as 
L+Co-fine AQ to L, ſo 1,5919 to a Fourth, we 
ſhall have the Arch Q g 1, 4865. And therefore 
Aqz41,4865, which does not differ much above 
the thouſandth Part of a Degree from the Truth. 
But without this Proportion we might have found 
Aq, by taking an Arch which is ſomewhat leſs than 
aN—NP, but nearly equal to it. * 

a 


| | 


- 
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Lecture had made A Q = 41,5, and adding its Log. Sing 
XXIV. the Log. B we ſhall have another Arch NP 3,512 


5th Ex- 
emple, 


6th Ex- 


ample, 
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> of v 
which ſubſtracted from AN gives 41, 4868, foray e do 
Ag. And this Arch is eaſier found, than by 
former Proportion; and beſides, comes nearer Lr 
Truth, than the laſt A q was, 

5thily, AFTER having found A, or the Anon 
of the Eccentrick, that anſwers to the mean ly 
maly of 45 Degrees; if we ſhould again proce! 
fingle Degrees, by only one Addition of two, 
garithms, we may find the Anomaly of the Ew 
trick to all the following Degrees of the Semin 
vix. when the mean Anomaly is 46 Degrees, In 
AQ to be 42,4, and adding its Log. Sine tot 
Log. B, I find AN—NP 42,4249; to which 
I make the new A Q equal, I ſhall tave an 4,8 
which is not 1000th Part of a Degree diſtant fn 
the true Anomaly of the Eccentrick, So likeni, 
when the mean Anomaly is 47 Degrees, I take 4 


43,30= to the former A 9 + the Increment that be 
crues to it, by adding a Degree: And addim Hes! 
Log. B to the Log. Sine of 43, 36, the Sum 5! 
Log. of the Number 3, 6402, which ſubſtracted u 
AN, leaves AN—NP= 43,3598, equal to am = 
Ag: And this Arch is about the locooth Part di lee 
Degree, different from the true Anomaly of the I — 
centrick. ILY ther 
bthly, Ir again, paſſing over the intermediate I. Id 1 
grees, I would find the Arch Ag, when the me 
Anomaly is 100 Degrees; I make AQ equal bt: 
Degrees, and adding its Log. Sine to the con L 
Log. B, the Sum is the Log. of the Number 5,27} 5 
and AN —NP= 94,727. Therefore I put agal ly 
AQ= 94, 72, and adding together its Log. din bet 
and the Log. B, I have the Log, of the Num | 
5,285, which ſubſtracted from A N, leaves A9 = iy 
94,715. In like manner, when the mean Anomal 1 
is 101 Degrees, I make A Q 95,71; and I find N 
NP to be 5, 2756, which ſubſtracted from 101, 8 


leaves A9 95,7244. And here again, if we pte 


ceed by Degrees, we ſhall have the eccentrick a 
| Mal); 


de, conſtantly by the Addition of two Logarichms, Lecture 
0 of which being conſtantly the ſame, may be ſet XXIV. 

ora e down in a Piece of Paper by itſelf, and tb 
eur ſaved of frequently tranſcribing it. FEAR 


Lr us now paſs to another Sort of. Orbit, whoſe Exampie 

entricity bears a great Proportion to its mean Di- in tc Or- 

ee. For Example, let us ſuppoſe the Aphelion bit MH © 

tance to be to the Perihelion Diſtance, as 70 is to Comet. 

and ſuch is nearly the Orbit of that Comet, 

ich Dr. Halley firſt found to compleat its Period 

75 4 Years. Here AC or CQ, the mean 

tance, is 35,5, and CS is 34,5, of ſuch Parts as 

3 is 1. And the conſtant Log. B is 1,7457133. 

e muſt find the Arch Be, when the mean Ano- Table 

ly computed from the Perihelion is ,3; of a De- xxl. 

> I ſuppoſe BQ to be o, 35: To its Log. Sine, Fig. 6. 


two l 
e Eau 
micink, 
5 In 
je to tie 
which, | 


an A 


nt e Log. of B, and the Sum is the Log. of the 
likewk mber o, 34013, which added to the Arch AN, 
ale! akes ,3501 3. If this Arch had been only 35, B 
tha been rightly taken; but the Difference is 
dins cer. And therefore becauſe C B is to SB, as 
mi, to 1; multiply the Difference, oco 13 by 25,5, 
04 a wc ſhall have Q g = ,004615, and the Arch 


4=0,354615, and the Error leſs than ,0003 of a 


to a er 
bart ere. Again, let the mean Motion be, oa, I put 
the e = 0,71, and adding its Log. Sine and B to- 


ther, I have the Log. of the Number o, 68998, 
d BN＋ NP =,709498 : The Difference is 
00002 ; which multiply by 35,5, and the Product 


ate Db 


he men 

equal 9 bltrated from BQ, leaves Bq = 0,7092, and 
conan WW Error is not greater than the e of a De- 
r 5,27} e. If the mean Anomaly be 0,03, I make B 
ut avai 1,ob, and adding its Log. Sine to B, I have the 
yp. Sins, oe. of the Number 1,03008, to which add the 
Numa ch BN; the Sum is 1,060088, which is greater 
\ ; e BQ: Wherefore, if the Difference ,00008 be 
A noma WP" tiplicd by 25,5, and the Product added to BQ, 
4 1 fn ball have B 9 — 1, 06284. In the ſame manner 
m 10% en the mean Anomaly is ,04, I ſuppoſe BQ, 


4, and I find PN = 1,3604, to which adding ,04, 
the 


we p16 
ck Ano 
mal), 
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Lecture the Sum is 1, 4004, which exceeds 1,4 by „000 | 
XXIV. multiply this Difference by 35,5, and the PA] 
way A will be,0142 = 27. and therefore B 421, 


Table 
XXT. 


Fig. 5,6. 
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In all theſe Examples the Errors are very (ng 
ſeldom exceeding the Ioooth Part of a Degree, ſo is 
Let us now find the Anomaly of the Eccentigthe r 
when the mean Anomaly is one Degree. Here I wills ? F 
By — 20 Degrees, and adding its Log. Sine to} e nc 
have the Log. of the Number 19,045; to which the 
ding 1 the Sum is 20,045, and is greater than 20 JB: c 
045. And becauſe in this Example, L—Cc,8Wnts Q 
B Q_is to L, as I is to 11,5 nearly: I multiply et © 
Difference ,045 by 11,5, and the Product o, th 
added to B Q, makes 20,5175. Therefore 2% nd, 
make BQ 20,51; and N P will be 19,5092 ; fe det 
which, adding BN, the Sum is 20,5092. And ins 
fore if the Difference ,0008 be multiplied by 11,8" ca! 
and the Product, oog, ſubſtracted from B Q , tel in 
will remain By 20,5008, ien 15, 
Laſtly, LET the mean Anomaly be 2 Degrees e this 
put B Q == 3o Degrees, and then 1 find NP 27 ſhall 
to which adding 2, and the Sum is 29,84, whichi likew 
leſs than 30 Degrees: Multiply the Difference, pute 
by 6, 3 (for L—Co-fine BQ is to L, as 6,3 to ue 
and we have 1,008 = Q 4: And therefore, this A 2") 
ſubſtracted from BQ, gives By = 28,982. The" | 
fore to correct the Error, I put again B Q 200 oma! 
grees; and by a like Proceſs I find B q = 28,961" 2 
Having found the Angle ACQ, the Angle ASQ BEST] 
eaſily found. For in the Triangle Q CS, we hat ich t 
the Sides QC, CS, and the Angle QC S: Thi < 
fore we ſhall find the Angle ASQ, and the 80 efly ir 
SQ; then ſay, as the greatet Axis of the Ellipſe cel B 
to its leſs, fo the Tangent of the Angle AS bt lor in 
the Tangent of ASP, which will thereby be fou *7 
and it is the coequated or true Anomaly, Aga Iced, 
ſay, as the Secant of the Angle ASQ. is to the e 
cant of ASP, ſo is SQ to SP, the Diftance "WW *7 " 
the Planet from the Sun, Or perhaps theſe Thin ug 


may be eaſier computed in this Manner. wy 


Arch AQ, we have its Sine Q H, and its Lecture 
tne HC: But we have SC in ſuch Parts as XXIV. 
Radius, or CQ is 100000; therefore we have: 
6 Say, as the greater Axis of the Ellipſe is to its 

| fois QH to P H, which will therefore be given. 

the rectangle Triangle PHS, we have alſo the 

e PH and HS, wherefore we can find PS H the 

e Anomaly, and PS the Diſtance of the Planet 

m the Sun. 

BECAUSE in the Aphelions and Perihelions, the 

ints Qand N, or the mean and true Place of a 

net coincide ; and in the firſt Semicircle of Ano- 

ly, the mean Place is before the tru Place, in the 

ond, the mean Place is behind the true; if we 

e determined the Pofition of the Apjides of the 

s Orbit, we ſhall know the Time when the true 

| mean Place coincide, For when the Sun is ob- 

ed in that Point of the Ecliptick where the Per:- 

jen is, then the Earth is in the Aphelion. And ha- 

g this Moment of Time, by Afronomical Tables, 


rees ;| 

27M ſhall have the mean Anomaly for any other Time, 
vhich WY likewiſe the Arch AN. For theſe Arches are 
nce, F"puted according to the Proportion of the Times, 
; to re placed orderly in the Tables. Now having 
\is Ard any Point of Time the Arch AN, we have 
Ther wed how from thence we may compute the true 
200 omaly, and the Place of the Earth in the Eclip- 
8,0% fo which the Place of the Sun is always oppoſite. 
\ $088 >£51D £5 the Theory of Kepler, according to 
we Eich the Planets do really regulate their Motions, 
Tber eis another elliptick Hypotheſis, which has been Ward“ 


efly improved by two moſt celebrated Aſtronomers, The 

ae] Bullialdus, and Dr. Seth Mara, formerly Pro- EY 

lorin this Chair, and afterwards Biſhop of Saliſ- 

„ by whoſe Pains Astronomy has been much ad- 

nced, And ſince this Hypotheſis does not want 

egance, and a Neatneſs in Geometry; and be- 

ance es, its admits of an Eaſineſs in computing, we 

Il here briefly explain it. In this Hypotheſis, with 

Jer, it is ſuppoſed that the Planets Orbits are 
Ellipſes, 
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Lecture Ellipſes, did that they have all one common f 
XXIV. in which the Sun reſides. Moreover, they (uy 
◻◻DD dat each Planet does move in the Periphery d 


Table 
XXII. 
Fig. 2. 
Ward's 
Ae had. 
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Orbit, in ſuch a Manner, that drawing Ray 
Lines to the other Focus, they deſcribe Angle g 
portional to the Times. Theſe Things being 
poſed, Dr. Yard ſhews an elegant Method of füt 
the true Anomaly from the Mean, having d 
mined the Species of the Planet's Orbit: And | 
as followeth, _ | 

LET APB be the Ellipfe which tlie Planet 
ſcribes, AP the Line of the Apfides, S the fn 
in which the &un is placed, F the other, or thi 
per Focus, which is the Center of equal Mu 
Let the Angle AFL be proportional to the Ty 
or be the mean Anomaly, then L will be the il 
of the Planet in its Orbit, and the Angle A) 
the coequated or true Anomaly. Produce F | 
E, fo that FE may be equal to AP the gu 
Axis of the Ellipſe ; and therefore, fince . 
Nature of the Ellipſe, FL and LS are equal u. 
ſame AP, then LE muſt be equal to LS, ant 
Triangle LS E will be an Iſoſceles Triangle; 1 
therefore the Angles E and ES L are equal; 
the exterior Angle F LS, being the Sum of bt 
will be the double of each, or double of the Any 
LES. Therefore in the Triangle EF 8, hai 
FE and FS, and the Angle E FS, which » 
Complement of LFA to two Rights, we can! 
the Angle E, whoſe double is equal to the An 
F LS, which therefore will be known : But the 
gle AFL is equal to the two Angles FSL. 
FLS, and therefore the Angle F LS is the I 
haphercfis or the Equation, which is to be ſubliral 
from the mean Anomaly, or added to it, to have! 
true Anomaly. 

Ix reſolving the Triangle E FS, having EF 
FS, the Analogy is + EF +4FS:: EF—1 
that is, as AS to SP:: Tang. 4 AF E: Ta 
of 1 Difference of the Angles E and FSE;* 


7 
dh 
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if: the Angle E is LS E, FSL is. the Diffe- Lecture 


On Ton N 

y ſung of the Angles E and FSE; wherefore the XXIV, 
ery of Wile, found by the Analogy; being doubled gives w Wa 
Rs Angle FS L, which is the true Anomaly, Now 

noles Practice here is extremely eaſy; for-becauſe A 8 

eine sp are conſtant Quantities, the Difference of 

of fn rithms is a conſtant Quantity; wherefore 


en Number is to be added to Log. Tangent of 
the mean Anomaly, and then we ſhall have the 
gent of half the true Anomaly, Moreover, in 


ing I's. 


And | 


Planet g riangle L FS, having all the Angles, and the 

the Ns F, we can find S L the Diftance of the Planet 

or they the Sun. 8 | | 
ns Hypotheſis of Dr. Ward's is a very uſeful Ward"; 
he Ty oximation, and ſerves to ſhorten the Calcula- Hyporbefer 
the E and make it eaſy : But yet it is. ſtill only an an Approx- 
7 ximation, and does not come up to the Truth: in 

> FL will here ſhew the Reaſon of it. Let AP-B be % ; the 
e u rdiof the Planet, A QB the Circle circum- Aeg o 
e He; the Arch A Q the Anomaly of the Eccen- = C 

Jual to and AN the mean Anomaly, From the Cen- xxII 

, andt daw NC, and Q G parallel to it; the Angle Pig. z. 
ole; 1 A is equal to N CA, or the mean Anomaly ; 

zal ; | CG will be nearly equal to C'S, but a little 


an it, For from the Focus 8, on Q, C let fall 


the Au! crpendicular 8 F, which we ſhewed before to 
„ hi val to the Arch Q N : But becauſe the Arch 
ch b is ſmall, its Sine will be almoſt equal to the 


h; and therefore G O, a Perpendicular on N C, 
be nearly equal to S F, but ſomewhat leſs. But 
Triangles GO C, and SF C, are nearly equi- 
ar, (for NC QA, the Difference of the Angles 
O, and SCF, is very ſmall) and therefore, 
kOG is almoſt equal to 8 F, but a little leſs 
it, CG will be almoſt equal to C 8&, but ſome- 
t leſs, The other Focus of the Ellipſe then, muſt 
ittle above the Point G, but very near it; and 
e draw from the Planet's Place the Line PL, 
to QG, the Point L will be likewiſe above 
Point G, but yet not far diſtant from it; and 
re, the Point L, and the other Focus of the 

X Ellipſe, 
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Lecture Fllipfe, do . coincide, But the Angle b dh. 

XXIV. is equal to N C A, the mean Anomalia; am Mets 2 

—— Point L, nearly coinciding with the other Few, f he E. 

Line drawn from P to the other Focus will mb hods, 

Angle with the Axis, nearly equal to the AngleP| 

or N'C A; that is, to the mean Anomaly, 

therefore the Angles, at the ſuperior Focus, a m 
proportional to the Times, 2 55 

WuExXx the Angles NCA and QC A, erb- 

differ but little froni one another, that is, when Diam 

Angle NC Q, and the Eccentricity are but in rep 

the Points G and L, are nearly coincident vit 

ſuperior Font. And therefore this Theory is accun 

enough to anſwer to the Motion of the Earth, m ſo 1 

Orbit is nearly circular: But in the other H <1: 

and particularly Mars and Mercury, it does nc 

Bullial- fo well.” And thetefote, Bullialdus, from hf 

dus's Cor- of Mars, obſerved by Tycho, in the firſt and th Me H 

N of Quadrant of Anomaly, found, that Mars wu fur be 

chefs, advanced in his. Orbit, than he ought to beh. 

Theory. But in the ſecond and fourth Qu vete 

Marss true Anomaly was found to be leß ü en 

ſhould be, according to this Hypotheſis; and u bc 

fore Bullialdus gave it the following Correction. | 

on the Diameter AP, which is the greater Ax ſome 

the Ellipſis, deſcribe the Circle A DP, Let A Poſit 

Plate be the mean Anomaly ; through L draw the ly #02 

XXII. QL. G perpendiculat to the Axis, meeting wil Wiſp ' 

Fig. 2. Circle in Q. Join FQ, which cuts the Ell heli 

Y, and Y will be the Place of the Planet in s Mc 

Orbit, anſwering to the mean Anomaly A PL be 

the Angle A F Q, anſwering to the mean Anon > 

AFL, is eaſily found by taking an Angle wi de, 2 

Tangent is to the Tangent of A F L, as the gait © ©! 

Axis of the Ellipſe is to the leſſer, And having 

Angle AFQ, ot AF x, the Angle AS T Pe 

in the ſame Manner as before the Angle ASL 

found, ay * 

Tus Calculations we have here explained # 5 

poſe that the Species, or Forms of the Orbit ro, 

given, as likewiſe their Poſitions, We ſhal 1. 
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its Aphelion, the Sun's Diameter is the leaſt of 
and his Motion ſloweſt ; the Earth being there 
he greateſt Diſtance from the Sun, In the Pe- 
im, it coming neareſt the Sun, we ſhall obſerve 


lm is to its apparent Diameter in the Perthe- 
ſo is 8 P to a Fourth. In SP produced, take 
equal to this Fourth, and It will be the Aphelion 
ance; biſect PD in C, and CS will be the Ec- 
ricity, and C the Center. Deſcribe an Ellipſe, 
Ne Fecus is 8, and greateſt Axis PD; that Ellipſe 
be of the ſame Form with the Earth's Orbit; 
the Points of the Ecliptick, where the Sur's 

r appears the biggeſt and the leaſt, ſhew the 
tion of the Apfides, or the Aphelion and Peribelion. 
becauſe the Diameter of the Sun, in the Aphe- 
and Peribelion is ſcarcely ſeen to alter its Bigneſs 
ſome Days, it will be very difficult to determine 
Polition of the Ap/ides, by Obſervations made on 
apparent Diameter of the Sun only; and there- 


hellen Diſtances and Poſitions, by obſerving the 
Motion: For the angular Velocity of the Earth 
the apparent Motion of the Sun, which is equal 
is always reciprocally as the Square of the Di- 
e, as we have above demonſtrated. 

HEREFORE, to determine the Species of the 
ple, in which the Earth moves, we muſt obſerve 


leaſt, Call the leaſt A, and the gieateſt B; and 
any right Line S E, repteſent the Perihelion Di- 
e: day, as A is to B, ſo is SP to another Line 
Produce SP to D, ſo that SD may be a mean 
ortional between SP and C; this Line S D will 
X 2 repreſent 


Diameter to appear biggeſt. Let any right Line Plate 
repreſent the Perihelion Diſtance of the Sun XXII. 
as the apparent Diameter of the Fun in the Fig. 4+ 


it will be better to find out the Aphelion, and 


apparent Velocities of the Sun when it is greateſt 
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4 ſhew a Way by which the Orbits of the other Lecture 
ets are determined: But the Form and Poſition XXIV. 
te Earth's Orbit is to be found by the following 
ods, Firſt, obſerve the apparent Diameter of 7% Form 
un, As likewiſe his Motion ; for when the Earth of = 

4 


Orbit. 
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Lecture repreſent the Aphelion Diſtance : And the 
XXIV. the Ellipſis be deſcribed, whoſe Focus is 8, 0 
greater Axis PD, that Ellipſe will be of the 6 
Form with the Earth's Orbit: For becauſe 
SD, and C, are continually proportional, Ps 
will be to DS ſquare, asSPis to C, or as A U 
that is, as the Velocities. Moreover, if the Þ 
of the Ecliptick be diligently marked, wher 
| Velocities are greateſt and leaſt, in thoſe Poing 
the Apfides be ſituated. Laſtly, If there be 
Places of the Ecliptick obſerved, where the þ 
apparent Velocities are equal, and the Arch d 
Ecliptick between the two Places be biſcdel, 
Point of Biſection, and its oppoſite, will ſhey 
Places of the Apſides. But thefe Methods tw 
Obſervations that are very nice and accurate, i 

adãZ⁊ldʒs can ſcarcely be made. 
Ward's From the Theoty of Dr. Ward, we haven 
Theory beſt certain Method of finding the Form of the Omi 
explains three Obſervations of the Sun, and marking the 
the Orbit between them ; which does likewiſe determine 


_ pþ Poſition of the Apfides. Let ABPDC be tel = 
Alle. dit of the Earth, 8 the Focus in which the Ee 


placed, F the other Focus: The Apſides A wi 
XxII. Let B, C, and D, be there Places of the Ear 
Fig. 5. the Ecliptick, which are found by obſerving t 
Places of the Sun, to which they are oppoſite, 
the Center F, and Diſtance F M, equal to the great 
Axis of the Ellipſe, deſcribe the Circle M HII 
and let the Lines FB, FC, F D produced, n 
with the Circle in the Points G, H, E. Draw | 
wiſe from the Focus 8, the Lines 8 B, S C, SD, 
alſo 8S G, SH, and S E. We have the Angles 58 
BSD, and CSD, for they are meaſured by 
Arches of the Ecliptick, intercepted between 
Points obſerved. But, according to this Theo 
Earth moves in the Perimeter of an Ellipſe in f 
a Manner, that it deſcribes Angles about the Fi 
that are proportional to the Times: And ther 
we ſhall have the Angles BFC, BF, and C? 
taking each of them ſuch, that they may hate! 
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ierefo Proportion to four right Angles, as the Times Lecture 
S, an cen tte Obſervations have to the whole periodical XXIV. 
f the xe, Moreover, twice the Angle F GS, that is, 
| Angle F BS, is the Difference of the Angles. 
B, and AS B: This we ſhewed before. And the 
ble of the Angle F HS is the Difference of the 
les AFC, and ASC; the Difference of the 
ls B FC, and BSC, will therefore be equal to 
Pein s +2F HS, But becauſe we know the Angles 
re K c, ind BSC, we know likewiſe their Difference, 
de Sore, we have the Sum of the Angles F GS, 
cb FHS. But the Angle F GS is the Difference 
ſecleh Wh: Angles BF A, and GSA; and the Angle 
l ber S, is the Difference of the Angles HF A, and 
ds ro +. Whence both the Angles F GS, and FHS, 
ate, be equal to the Difference of the Angles B F C, 
GSH, But we have the Angle BF C, and 
Wing en of the Angles F GS, and FHS; and there- 
we have the Angle GSH. In the fame Man- 
dee can find the Angle GSE. Alſo, in the 
m Manner, the Angle F E $ doubled, is the Dif- 
11 e of the Angles DF A, and DSA; alſo the 
the ble of the Angle FHS is the Difference of the 
105 es CF A, and CS A. And therefore, twice the 
# tle FES—twice the Angle F HS will be equal to 
"> "ference of the Angles C F D, and CSD; but we 
the Angles CF D, and CSD: And therefore, 
{Ht ve half their Difference, that is, FES—FHS. 
the Angle FES—FHS, is the Difference of 
* N Angles CFD, and HSE; and we have the 
of te CFD; wherefore, we have the Angle HS E. 
aye therefore, all the Angles at F, viz, BF C, 
D, CFD, and all the Angles at S, viz. BS C, 
„ CSD; as alſo GSH, GSE, HSE. Theſe 
85 being laid down, | 
"PRESS the Line S H by any Number, viz 
500, and produce E 8, till it meets with the Pe- 
7 in L, join HL, LG, and HG. In the 
40k gle HSL we have the Angle HS L, the Com- 
l zent of HSE to two Rights: And the Angle 
b equal to half the Angle H F E, by the 20th 


X 3 F rep. 


Lecture Prop, El. III. and the Side H 8 100000; whin 
XXIV. we ſhall find the Side SL: Then in the Tx 
SL, we have the Angle LS G, the Conyl 
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of the known Angle ES G to two Rights; wy 
Angle 8 LG, being half the Angle E FG, 
20th Prop. El. III. and the Side 8 L, therefy 
ſhall find 8 G. And again, in the Triangle 5 
we have the Sides 8 H and SG, and the} 
HSG; and conſequently we ſhall find the Side] 
and the Angle SHG, In the Iſoſceles Try 
HF G, we have the Angle HF G, and the] 
HG; wherefore, we ſhall find the Side HF, 
is equal to the greater Axis of the Ellipſe; x 
the Angle GH F, which being ſubſtracted fran 
known Angle G HS, leaves the Angle F HS kn 
Laſtly, In the Triangle F HS, having FH, 
HS, and the Angle FHs, we ſhall find the Sid! 
and the Angle HSF; from which ſubſtractig 
Angle HSC=ZFHS, there will remain the! 
CSF, which ſhews the Poſition of the Ahſdu. 

THr1s Method does ſuppoſe, indeed, that the! 


gles at the ſuperior Facus be always proportion *. 
the Times, which is not true. But in the Oni 7 
the Earth, whoſe Eccentricity is ſmall, the a Diſk 
that are really deſcribed at that Focus differ b f 
from the Angles that are proportional to the Ti [ef 


that no ſenſible Error can ariſe from thence, in 
termining the Species and Poſition of the Orbit 

Thr moſt celebrated Aſtronamer Dr. Ea 
Halley, from whoſe Labours Aſtronomy has rec 
great Improvement, hath contrived a Method i 
depends on no Theory of the Earth's Motion: | 
which, by Obſervation alone, the Form and Poli 
of the Orbit are to be determined. | 

SuPPosE the Sun at 8, AB CD the Orbit d 
Earth, P the Planet Mars, who for this Pumd 
to be preferr*d, or choſen before the others. | 
Obſerve the true Time and Place, when Mar! 
Oppoſition to the Sun; for then the Sun, the Fe 
and Mars, are in one right Line; or if it Mf 


(as it often does) that Mars has any Latitude, 
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the Earth, and Mars his Place reduced to the LeQure 
ptick, are in a right Line, Let the Sun, the XXIV. | 
þ, and Mars, have their Places in the Points 1 
and p, in the right Line 8 P. Since Mars his fe- 1 
conſiſts of 687 Days, after that Time, Mars will 
n to the Point P; and ſeen from the Sun, he 
appear in the fame Place as before, in which he 
ſen alſo from the Earth: But the Earth does 
return to A, till after SE Days; and therefore, 1 
n Mars is in P, it wi in B, and will obſerve 4 
dun in the Line 8 B, and Mars in the Line BP, | 
obſerving the Places of the Sun and Mars, we | 
e all the Angles of the Triangle P BS. And ſup- '1 
ng PS to confiſt of tog000 Parts, we can find 
Diſtance 8 B, in thoſe Parts, as likewiſe its Po- 
n. After the fame Manner, when Mars has 
ſhed another Period, the Earth will be in C, and 
can find the Length of the Line S C, and its Po» 
1"; and likewiſe, by the ſame Method, another 
e 5 D, and its Poſition may be obtained. And 
this Means we are come to this Geometrical Prox 
m: Having three Lines meeting in the Focus of 
Eliple all given in Length and Poſition, to find 
Length of the tranſverſe Axis, its Poſition and 
Diſtance of the Foci: Which Problem, the Geo- 
ters ſhew how to conſtruct; and we, in the follows 
Lectures, will likewiſe give its Solution, 
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LECTURE xxy I 
wal hes > 1 2 
Of the Equation 'of TIME, 4 


7 WED LTHOUGH Time be in its a 
WAG | Nature, a real Quantity, as | 
endowed with the chief Properig 
Quantity, Equality, Incquality, Ni 
Proportion; yet to - meaſure if 

— Quantity, we muſt have the Aid 
Aſſiſtance of Motion, as a Meaſure to eſtimate » 
compare the Quantities of Times; and therefore T 

when it is conſidered as meaſurable, marks out {in 

Motion: For if all Things were at reſt, we chi 

by no Means know the Flux, or Quantity of Tn 

and the Duration of all Things would go on wi 

out- Perception, | | 

Uniform Bur becauſe Time conſtantly flows equally, af 
- Motion the in the ſame Manner, to meaſure it, we muſt null 
proper Uſe of ſuch a Motion, as is in itſelf ſimple, unifong 

Meaſure. and always going on at the ſame Rate; fo that if 

Body which has this Motion, at leaſt as to its MW 
riods, may always keep the fame Force, and yr! 
through equal Spaces in equal Times. +. | 

The Mo- For Common Uſe, we. muſt take that \'j 
tions of the tion which is moſt remarkable, evident to ccf 
Sun and Body, and plain to common Senſe ; fuch is ff 
Moon, the Motion of the Stars, and chiefly of the Su" ul 
fitteft Mea- Mean, which not only, by the common Conſet 
au. of all Mankind, are agreed upon for this Efe 
but by the Almighty and wiſe Creator « ' 
Univerſe, are eſtabliſhed far this Purpoſe : Fel I 


| 
| 1 
| 
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geriptures we read, that God ſaid, Let there be Lecture 
' in the Firmament of the Heaven, to divide the XXV. 
from the Night ; and let them be for Signs ana 
aſs, and for Days and for Years, And there- | 
by the celeſtial Motions, and chiefly by that of 
dun, are the Times rightly diſtinguiſhed and 
Wd out. Who therefore dare ſay that the Sun 
not tell us Truth! The A/tronomers are the bold 
who tell us ſo ; for they, by their nice Search 
Things, have found that the Sun's apparent Mo- 
s no ways equal; they obſerve, that he now 
then ſlackens his Pace, and afterwards quickens 

ain: And therefore Equal Time, which goes on 
Ws at the ſame Rate, cannot truly be meaſured 
e Sun's Motion, AS 
WW: xc: the Time which the Sun's Motion ſhews, Tz, D. 
which is called the Apparent Time, is different indien 
that Time, which flows uniformly and always betaveen 
fame Rate, which is called by the A/ftronomers the True 
True and Equal Time; according to which all and appa- 
leſtial Motions are to be eſtimated, regulated and rent Time, 
xd, For, upon the Account of the unequal Mo- 
of the Sun, and the Obliquity of the Ecliptick to 
Equator, we have neither Days nor Hours per- 
equal, as we ſhall here ſhew. 
HE folar Day is that Space of Time which paſles 
the Plane of the Meridian of any Place, paſ- 

rough the Center of the Sun by the Earth's 
ution turning round its own Axis, returng 
to the Sun's Center; or it is the Time between 
W!:d-day, and the next which comes after. Now 
Earth had no other Motion but that round its 
all the Days would be exactly equal to one 
, and to the Time of the Revolution round 
ad Axis, But becauſe while the Earth is 
ing round its Axis, it is alſo going forward in 
oper Motion Eaſtward; when any Meridian 
mpleated its Revolution, after having paſſed 
W's Center, its Plane will not have then paſſed 

gn the Sun, as is plain by the Figure. For let 
the 
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Lecture the Sun be 8, AB a Portion of the Ecliptick 
XXV, the Line MD repreſent any Meridian, whoſe}, 
produced, paſſes through the Sun when the Ei 
Table in A: Let the Earth proceed in its Orbit, ande 
XXIII. to B, while it has compleated a Revolution n 
Fig. 1. its Axis; and then the Meridian MD will 
| the Poſition m d, parallel to the former M; 
conſequently will not as yet have paſled throw 

Sun, nor will the Inhabitants under that Me 

have had their Mid-day, But the Meridian | 

with its angular Motion, muſt ſtill go on, bein 

Plane can paſs through the Sun, and muſt de 

the Angle d Bf. And therefore all the ſolat! 

are longer than the Tims of one Revolution 1 

the Earth's Axis, If the Planes of all the Meri 

were perpendicular to the Plane of the Earth\( 

bit, and the Earth deſcribed this Orbit with ang 

Motion, after any Meridian had compleated it] 

volution, becauſe MD and md are parallel, th 

gle 4B f would be equal to the Angle BSA, 

the Arches df and AB ſimilar: And becaut 

Times are wat; equal, the Arch A B, and the enn M 


J there! 
r Day 
wolutior 
Revolt 
,yeable 
quator 
uch 4 
rent 
C whi! 


gle d Bf would conſtantly be of the fame Quui be Circ 
and all the ſolar Days would be equal to one ano, and 
and then the apparent and equal Time would cdiptic 
But neither of theſe two Cafes have Place in Ming 

ture, for the Earth does not proceed in its Orbit K B, 


an equal Motion; but in its Apbelion it deſcibe 
leſs Arch, in its Pertihelion a greater. And 1 


22 
and the 


tis over the Planes of the Meridians are not perpen ch Y 
proved lar to the Ecliptick, but to the Æquator: And deck 7 
that the fore the Time of the angular Motion 4B f, wi the . 
folar Days beſides the intire Revolution, is to be added Arch e 
are un- Space of a ſolar Day to compleat it, is not aA E, t 
equal, of the fame Quantity; whence the ſolar Nays e go 
The ſame is noo be equal, , : , 10, 
macs plain Bur perhaps this may appear plainer if we ee Ar 
by the ap. from the real Motion of the Earth, and conſidet i :lthou 
rent Mo- apparent Motion of the Sun; for it is by h which 
it is e 


fon of the parent Motion, that we meaſure the Apparent 1 
Sun. | 
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therefore you muſt obſerve, that the natural Lecture 
ir Day is that Space of Time, in which, by the XXV. 
yolution of the whole Heavens, which is called 
Revolution of the Primum Mobile, or of the firſt 

eable Orb, the whole Circumference of the 

quator paſſes through the Meridian; and alſo fo 

uch more of the ſame Circle, as anſwers to the 

narent Motion of the Sun to the Eaft, in the 

ean while, 8 

BuT the Arch of the Æquator paſſing through the The . 
ſeridian, is not always equal to the correſpondent na! Archey 
ch of the Ecliptick, which paſſes through the F the - 
me in the ſame Time; but is ſometimes bigger, and er 
metimes leſs than it, even though the Sun's Motion e 7% 

ere equal in the Ecliptick : The Difference between _ * 
m ariſes from the oblique Poſition of the Eclip- , , 

, . . » CPEes © 
> to the Equator, as is plain by the Figure. , Eclip- 
ppoſe V a Quadrant of the Ecliptick, and YE ;;.z 
Quadrant of the Æquator. Suppoſe the Arch Y A Table 

o be one Degree, which is ch 5 er to the diur- XXIII. 

al Motion of the Sun in the Ecliptick ; for this Fig. 2. 
nean Motion is 59/ 8/7, Let AB be an Arch of 

Circle of Declination, paſſing through the Sun in 

V and intercepted between the /Equator and the 

clptick, In the right-angular Triangle Y BA, 

wing the Side Y A 1 Degree, and the Angle 

B, which is the Inclination of the Ecliptick to 

Equator, and is nearly 231 Degrees, we ſhall The fr 
find the Side Y B 55/ 1%, almoſt 50 leſs than the Cau/e of 
uch J A. Again, ſuppoſe the Arch of the Eclip- „e lnegua. 
tick YC 89% From thence we ſhall find the Arch 4 4 

of the Equator J D, 88% 54! 34/3 but when the ©” 
Arch of the Ecliptick Y is go Degrees, then 

AE, the correſpondent Arch of the ZEquator, is al- 

o go Degrees. And the Difference of the Arches 

YC, VD is 1 5/ 26/1, And the Difference of 

tie Arches of the Equator V B and DE is 10/ 25%, 

although the Arches of the Ecliptick Y A and C S, 

which anſwer to them, are equal. From which it 

i is evident, that the Arches of the Æquator, an- 

ſwering 
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Lecture ſwering to equal Arches of the Ecliptick, zu n 
XXV. equal : And therefore the diurnal Arches « 
Ld Equator, which paſs through the Meridian, | 
unequal ; but they meaſure the ſolar Days: Wiz 

fore the ſolar Days are unequal. 
The ſecond Bur the Obliquity of the Ecliptick is not 
Cauſe of only Cauſe of the Inequality of Days, for the 1 
the Inequa- apparent Motion of the Sun in the Ecliptick is 
lity of equal; for he proceeds more flowly, and ſtays lig 
Days. in the Northern Signs than in the Southern, by it 
intire Days: And therefore, if there were no 00 
quity of the Ecliptick, by this Cauſe alone, the du 
nal Arches of the Æquator could not be eq 
And therefore their Inequality will be much gan 
upon Account of theſe two Cauſes concurring u 
gether ; that is, the unequal Motion of the Sn, a 
the Obliquity of the Ecliptick, which though thy 
are ſometimes contrary to each other, and ſo diminih 
the Inequality; as it happens when the Archs 
the Equator decreaſe, on the Account of the Obliquiy 
of the Ecliptick, but by reaſon of the Sun's approach. 
ing the Perigean they increaſe, and on the contra: 
Yet ſometimes theſe two Cauſes concur to increk 
the Inequality, and neither of them depend one on 
the other, but each of them by itſelf has its Ef, 
SINCE therefore the apparent Motion of the Sn 
to the Eaſt is unequal, it cannot be a fit Maſur 
of Time, which ſhould always go on at the ſane 
Rate. And therefore the natural and apparent Di 
are no ways to be applied to meaſure the celeſtial 
Motions, which do not depend upon the Motion d 
the Sun: Therefore the. Aftronomers found it necth- 
ſary, inſtcad of theſe ſolar Days, to ſubſtitute in thei 
Place others that were equal, and a mean between 
the ſhorteſt and the longeſt, and by them to diſtin 
guiſh the celeſtial Motions. And when theſe Mo- 
tions have been computed according to the Eu 
Time, it is neceſſary to turn that Time again into tie 
Apparent Time, that theſe Motions may be obſerved 
by us who meaſure and number our Times, by tie 
| apparent 


* 


leaſule 
e ſame 
t Dars 
eleſtal 
on of 
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arent Motion of the Sun. And on the contrary, Lecture 
any Appearance in the Heavens, as for Example, XXV. 
Eclipſe were obſerved according to the Apparent rnd 
ine, and according to it the Afronemical Tables 

ere to be examined, to ſee if they did agree with 

or not; it will be neceſlary to turn the Apparent 

ne into Equal Time, otherwiſe the obſerved Phæ- 

nenen will differ from that which is found by Com- 

tation. 

BECAUSE we know no Body in Nature, which 

ſerves conſtantly a perfect uniform Motion, and 

t ſuch a Motion is only proper to meaſure equal 

ys and Hours; it is convenient to imagine ſomg 

dy or Star, which moves in the MÆquator Eaſt- 

ud, and which never quickens or ſlackens its Pace, 

t goes through the Æquator, in preciſely the ſame 

ime, as the Sun finiſhes his Period in the Ecliptick. 

be Motion of ſuch a Star will rightly repreſent 

ual Time, and its diurnal Motion in the Afquator 

il be daily 59! 8//, the ſame as is the mean-Motion 

| the Sun in the Ecliptick : And therefore the equal 7, equal 
nd middle Day is to be determined by the Arrival and middle 
this Star to the Meridian, and is equal to the Time Day deter- 
which the whole Circumference of the Equator, mincd. 
350 Degrees, paſſes the Meridian; and beſides 

at 590 8//:; And becauſe this Addition of 59! 8// 

ways remains the ſama, all theſe mean Days will 
conſtantly equal to each other, 

SINCE the Sun goes unequally Eaſtward according 

b the Æquator, ſometimes it will come to the Me- 

an ſooner than this imaginary Star, and ſometimes 

Ie will touch it later than it does; and the Difference 

that which is between the True and Apparent Time. 

rc this Difference is known by having the Place 

the imaginary Star in the Æquator, and the Point 

the Æquator, which comes to the Meridian with 

ie Sun; for the Arch intercepted between them, 


being converted into Ttme, ſhews the Difference be- 
bn Equal and Apparent Time, which is called the The Equa- 
laat ian of Time, And it is the Time that flows, tion of 


while Time. 
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Lecture while the Arch of the Æquator intercepted by 

XXV. the Point determining the Right Aſcenſion of the 

— — the Place of the imaginary Star, paſſes the 1 
ridian, | 

from the LTA Q be a Portion of the Equinbctil I 

* of the Ecliptick, in which imagine S to be the} 

faſter this of the Sun, S A a Circle of Declination paffing th 

the true: the Sun, and meeting with the Æquator in A, wi 

will be the Point which comes to the Meridian x 

the Sun. Suppoſe m to be the Place of the imagin 

Star, which performs its Period in the Equator, wi 

an equal Motion: And when the Sun has art 

the Meridian, out imaginary Star will be diſtant i 

it, by the Arch m A; and if the Point m be It 

ward of the Point A, it will come later to the 

Table ridian than it, and the Apparent Time will be fror 

XXIII. than the mean; but if the Place of the Star n, | th © 

Fig. 3, 4+ mote Weſterly than A, it will ſooner arrive at Meter 

Hhen Meridian, and the Apparent Time is flower than t idle ! 

24 Mean. And the Arch of the Æquator A n, n 

4 . verted into Time, is the Equation; which being à 

Ade ded to, or ſubſtracted from the Apparent Time, ² 77 

5 the true, according as the Point m is to the Eat ot thi 

Weſt of the Point A; and then we have the tr 

Time, For to know the Poſition of the Point A, it 

The Equa- reſpect of n, and the Quantity of the Arch A 

tion of take in the Equator the Arch VS or A equal d the 

Time con- the YS or 2s in the Ecliptick ; and then the Arc 

Sits of «5 n, will be the Diſtance between the true and me int 8 

aue Parts. place of the Sun, which therefore is given by ti 

Sun's Anomaly ; but the Arch A s is the Differeno 

between the Hypothenuſa V 8, of the right-an2)Wic Me 

Triangle Y 8 A, and its Side or Baſe Y A, wii a 

may be found by Trigonometry. Moreover, the Aan, 

A m is equal to either the Sum or Difference of 

Arches As and m; and therefore when they arrival 

known, the Arch A m will be likewiſe known. We tha 

Moreover we muſt obſerve, that in the ff win, 

and third Quadrant of the Ecliptick, the Point 

falls upon the Eaſt- ſide of the Point A: And = 


the A 
ractec 
ridian 
dnd at 
ſterly 
it : 

„is 
nt 8 2 
ple, A 


the Arch A 55 being turned into Time, is to be Lecture 
rated, becauſe the Point 5 comes later to the XXV. 


ridian than the Point A does, But in tber 
nd and fourth Quadrants, the Point 5s is more The Efe# 


1a erly than A, and arrives at the Meridian be- F be two 
the Py it: And therefore the Arch A 5, turned into Parts ſe- 
ng in „is to be added, to get the Time when the 77 __ 
\, rs arrives at the Meridian. Suppoſe, for Ex- N 


ple, As be two Degrees, as it is when the Sun 
n the 20th Degree of Y; this Arch, turned in- 
Time, is 8 Minutes : And therefore we muſt add 
to the Apparent Time, to have the Time when the 
ant Iro nt S comes to the Meridian. 

OREOVER, in the firſt Semicircle of Ano- 
y, that is, while the Sun in this preſent Age, 
& from the ſeventh Degree of >, to the ſe- 
th of W, the mean Motion of the Sun is 
ater than its true Motion ; therefore, then the 
idle Place precedes the true Place, And there- 
in all that Semicircle the Point m will be to 


lng a6 Eaſt of the Point s ; and the Arch ms, turned 
„ co Time, is to be ſubſtracted from the Time 
Eaſt it the Point 8 reaches the Meridian: But in 


other Semicirele of Anomaly, after the Sun 


left the Perigæan, or rather the Earth the 
b A ihelion, the mean Motion is leſs than the true, 
qual e then the mean Place follows the true; and 
e ArcW@nſequently the Point m is to the Weſt of the 
d me int 8, and comes ſooner to the Meridian than 
by tc does : And therefore the Arch ms, turned into 
ferend ine, is to be added to the Time in which S touches 
-angle e Meridian. Having now the Diſtance of Time, 
1 veen the Coming of the Point m to the Me- 
e Ard 


dan, and the Coming of the Point S to the 
; as alſo the Diſtance of Time, between the 


dey arrivals of the Points s and A to the Meridian, 
ar ſhall have the Diſtance of Time, between the 
* ang of the Point m to the Meridian, and of 
i 


de Point A's Arrival to the fame 3 that is, we 
ſhall 
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Lecture ſhall have the Difference between the Aya 
XXV. and True Time, which is the Equation of Jim 
—ů— For the equating of Time, the A/tronomer; og 
7Wvo Ta- poſe two Tables; one for the Arch s mn, which 
bles Jr be entered into with the Anomaly of the Sun: | 
ur if the Point m be Weſtward of the Point ;, vi 
imme. mark it with Tor the Sign of Addition; but 
be on the other Side, they place — or of Subſtra 
The other Table is for the Arch s A, which ig 
Difference between the Place of. the 8un in the ld 
tick, and his Right Aſcenſion, And the Eq ut 
of this Table are likewiſe marked with the Sig 
Addition or Subſtraction, as the Point; is to thellq 
or Eaſt of the Point A. The Sum of theſe 
Equations, if they be of the fame Kind, tht 
both to be added, or both to be ſuhſtracted; or th 
Difference, if their Affectious be of different Nu 
make up the abſolute Equation of Time. 
The Tem- TRE Artiſts likewiſe make a Table com 
porary Ta- of both the former; but it will only ſerve i 
ble. Time: Yet it may be uſed for a whole Age mi 
out any ſenſible Error; for the ſame Deyre 
Anomaly keeps nearly in the ſame Degree «ft 
Ecliptick, the Space of an Age: And there 
for the Space of 50 Years theſe two Equati 
may be joined in one. But becauſe of the hi 
ceſſion of the Equinoxes, the Sun's Apogean, | 
Proceſs of Time, changes its Place in the Ech 
tick, and goes Eaſterly with the Fixed Stars: An 
therefore, in different Ages, the ſame Degree 
Anomaly will fall upon different Degrees of ti 
- Ecliptick : And therefore one Table will not {en 
for all Ages. | | 
When the THE imaginary Star, by whoſe equal Mott 
folar Days we meaſure Time, goes conſtantly and uniform 
begin tobe jy forward to the Eaſt: But the Point A, wid 
longer than qetermines the Right Aſcenſion of the Sun, i 
the mean. marks out the Apparent Time, has as it wet 


Libration, or goes backwards and mn, 1 
reſp 


| ſometimes is to the Weſt of it, and ſometimes XXV. 


its relative Motion in reſpect of m Eaſtward, the 
int A is more Eaſt than the Star m, and then the 
ee longer than the mean Days, which are 

aſured by equal. Time; and the faſter the Point A 
to the Eaſt, ſo much the longer are the ſolar 
ys: For, beſides the Revolution of the whole 
avens, the Arch to be added to make up the ſolar 
is greater, becauſe the Point A goes a greater 
Eaſtward. Hence it follows, that as ſoon as 
relative Motion of the Point A begins to be 
ward; the ſolar Days begin likewiſe to be longer 
n the mean Days. I ſpeak of the relative Motion 
regard of the Point n, for the abſolute Motion of 
is always Eaſtward; but when the Point A is 
its fartheſt Diſtance: from mn to the Eaſt, then 
begins to come back again to m, and has its re- 
ive Motion Weſtward : But before that, the Point 
will be for a while ſtationary in reſpect of m, in 
middle Time between its Receſs and Acceſs; 
then the ſolar Days will be equal to tho mean ½ „ 
ys, and in theſe Points the Equations will be 


mean and 


| where it is the ſloweſt, that is, where the Motion 
ative to m is Weſtward, and greateſt, there the 
ys are ſhorteſt, : In the preſent Age wherein we 
e, when the Sun is in the 10th Degree of Scorpio, 
Foint is at its fartheſt Diſtance from m to the 
eſt of it; and its Diſtance then amounts to 4? 
4% and therefore the greateſt Equation in Time 1 
10 11//, From thence the Days begin to in- o;,. of 
form aſe, till the Sun comes to 224 Degrees of Agua- „, Na- 


„ —_— it being there removed 3 Deg. 42 + tions are 
were - whence the greateſt Equation of Time is greateft, 
of | 30% And from thence the relative Motion of 
rel Point A begins again to be Weſtward, till 2 

Y 


ed of m: Sometimes it gets to the Eaſt of m, Lecture 


neides with it. And therefore when the Point a 


teſt, - When the Motion of the Point A to the %, Days 
t is quickeſt, there the Days become the longeſt; are equal, 


, Where it has gone to its fartheſt Diſtance from e Equa- 
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Lecture Sun comes to the 24th Degree of Taurus, d 
22 Dq. 1 Min. to the Weſt. of the Star m, and; 
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Bull; and there the Point A is removed from 1 


greateſt Equation of Time is 4/ 6/',, Thenec 
turns again to m, and moves Eaſterly, till gde 
comes into the 34 Deg. of the Lien; where 4 
diſtant from m x Deg. 28 Min. and the gr 
Emmation of Time is 50 5 /: And from theng 
Motion begins to be to the Wet, till the dat 
tives at the roth of the Scorpion, and thereaboy 
changes its Courſe and goes Eaſtward. It is 
that when the Points A and m coincide; that 
the mean and Apparent Time muſt likewiſe coin 
Hence, if we have a Pendulum Clock; accu 
and nicely fitted, and the Motion of the Hani 
to equal or true Time, the Hand of this Clocks 
always point out the Time different from the i 
Time ſhewed by a Sun-Dial z except four Ting 
Year, which is about the 4th of April, the b 
June, the 20th of Auguſt, and the 13th of Dy 
ber. At all other Times, the Hour, by the 
Dial, will either be before, or later than that ſ 
by the Hand of the Clock: And about the 24 
October the Clock will differ moſt of all from 
Sun, where its Motion is flower than the ſolar f. 
by 16/ 11//, adus. 
Ir you inquire in what Points the Equation are e 
the greateſt, the eminent Dr. Edmund Hall, 
for his great Inventions is never to be mentions 
A ſtronomers without Honour; has given us the 
lution of this Problem, But to underſtand it 
muſt firſt lay down the following Lemma, 


L E M M A. 


1 F e plain Figure be projected orthegrei 
on a Plane, which is done by letting fall, fron d 
Point of it, Perpendiculars on the Plane of Pro® 
the Area of that Projettion of the Figure will l. 


os any Figure can always be reſolved into Paral- 
vrams, or Triangles, whoſe Baſes are parallel to 
common Section of the Planes, and therefore they 
de parallel to the Plane on which they are pro- 
4: Wherefore the Baſes of theſe Parallelograms, 
Trangles, and their Projections on the Plane, are 
ws equal to each other, and parallel, as we have 
ed in Lecture XIII. But the Perpendiculars let 
from the Summits, or Tops of the Triangles, 
Parallelogrzms upon the Baſes, are alſo perpen- 
ar to the common Section of the Planes, by the 
of the firſt El. And therefore the Inclination 
he Perpondiculars to the Plane is equal to the 
ination of the Planes to each other. And con- 
ty the Projections of theſe Perpendiculars will 


e d the Perpendiculars themſelves, as the Co- ſine 
e Inclination of the Plane is to the Radius. 
the wllWerefore every Parallelogram, or Triangle, is pro- 


into another, whoſe Baſe is equal to the Baſe 
he Triangle, or Parallelogram projected; and 
tight is to the Height of the Figure projected, 
he Co-ſine of the Inclination of the Planes is to 
Radius, But Triangles and Parallelograms, whoſe 
are equal, are as the Perpendiculars let fall from 
ops upon the Baſes. The Projection therefore 
ach Triangle is to the Triangle projected, in a 
ant and given Proportion; conſequently, all the 
tions of all the Triangles, or - Parallelograms, 
to the Figures projected in the ſame Proportion; 
s, the Projection is to the Figure projected, as 
ſine of the Inclination is to the Radius. 
the Orbit of the Earth be orthographically 
Kd on the Plane of the Afquator, by letting 
from each of its Points Perpendiculars, the 
don will be an Ellipſe, in whoſe Perimeter 
Extremity of a right Line, let fall from the Earth 
Micular to the Plane of the ZEquator, will 
Y 2 conſtantly 
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2:projected, as the Co. ſine of the Inclination of Lecture 
Mb nels Radius. 2 4 | WF XXV. 
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which marks out the Motion of right Aſcenſm 


and BS; and the trilineal Figure ASB vill k 


the ſame Proportion is the whole elliptick Ara 


Figure AS B will be to the whole elliptick Art 
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conſtantly move: And this Point, by its My 
will mark out the right Aſcenſion of the Zaj, 
its Motion, accoring to the ZEquator, as it b 
ſeen from the San; to which the right Aſceniy 
the Sur, ſeen from the Earth, is always equi 
YT A C be the Ellipſe in which the Orbit a Aſcen 
Earth is projected, 8 the Point of Projecton i 
Sun's Center, VS the common Interfe&od 
Aquator and the Ecliptick, A any Point, yi 
Perpendicular from the Earth meets with the h 
tion: The Angle VJ 8 A will meaſure the ri 
ſcenſion of the Sun. Now, I ſay, that this Pin 


ſo proceed in the Ellipſe Y A C, that it u 
ſcribe about the Point 8, elliptick Area's promi be co! 
to the Times, For, in a given Time, Jet At | 
thro”! the elliptick Arch A B; draw the Line Point 


Projection of the correſpondent Area, which thek 
deſcribes in the Plane of the Ecliptick, in the 
Time round the San: And therefore the Pn 
A'S B, will be to the correſpondent Area in the l 
elliptick Orbit, as the Co- ſine of the Inclinationd 
quator, and the Ecliptick, is to the Radius. | 


C, to the whole Area of the Earth's Orbit ; Th 
fore, by Permutation of Proportion, the til 


AC, as the Area, deſcribed in the Earti's\ 
round the Sun, is to the whole Area of the Loyſ'ca's 
Orbit; that is, as the Time in which that Ar 
the Orbit of the Earth, or the Area ASB inthe! 
jection, as deſcribed, is to the whole periodical 
Therefore, the Point A moves in the Perimete 
the Ellipſe at ſuch a Rate, that it deſcribes, ate 
Areas that are continually proportional to the T 
Tux ſame Things being laid down; at the 
8, and Diſtance 8 A, which is a mean Propotts 
between half the greater and half the leſſer Au 
the Ellipſe, deſcribe a Circle; this Ciicle . 
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to the whole elliptick Area; as it is eaſy to Lecture 
onſtrate from the Doctrine of the Conicſ Seftrons - XXV. 
Circle will cut the Ellipſis in four Point 
G, H: The Points of Interſection ſhew the Plate 
Afcenſions of the Sun, where the Equations are XXIII. 
eſt. Imagine a Point M, to move uniformly Fig 6. 
e Periphery of the Circle; its Motion will then 
ent the Motion of our imaginary Star m, and 
deſcribe about the Point 8, circular Sectors that 
xoportional to the Time: And becauſe the Area 
he whole Circle, and the Area of the Ellipſe, 
equal, the Area's of the elleptick Sectors, and 
he circular Sectors, deſcribed in the ſame Time, 
be conſtantly equal. Let us now ſuppoſe, that. 
Point M, in the Periphery of the Circle, and 
Point that marks out the Sun's right Aſcenſion 
Ellipſe, be placed at the ſame Time both in 
icht Line 8S L M. Let theſe Points afterwards 
mand A, then the elliptick Area LS A will 
qual to the circular Sector MS m : And becauſe 
Arch Mm is without the Ellipſe, the Angle 
m will be leſs then the Angle MSA, and the 
erence of the Angles m&aſured by the Arch 
„which is the Equation of Time. When the 
It, which marks out the right Aſcenſion of the 
comes to the Interſection F of the Circle and 
ſe; there its angular Motion round the Sun will 
qual to the angular Motion of the Point m; for 
Area's m S, and A SF, are equal, they being 
deſcribed in the fame Moment of Time, and 
e ſame Diſtance from 8; and conſequently 
Arch 4 F is equal to the Arch mx. In the Point 
ore, F, the Motion of Right Aſcenſion is 
u to the Motion of the imaginary Star, or equal 
de mean Motion. The ſame Thing may be 
ed at G, H, and E: But it was ſhewed be- 
that where the Motion of Right Aſcenſion. 
equal to the Motion of the Point m, that there 
Equations are greateſt. Wherefore, in the Points 
6, H, and E, are the Equations greateſt, 

a 1 Ir 
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Lecture Ix you inquire in what Points the Days are lu 
XXV. or ſhorteſt, the ſame eminent Dr. Hally ts 
3 giver us a geometrical Solution of this Problem, 
Which are 9g. = vp be the Ellipſe into which the Earth 
the Points bit is projected, and 8 the Point of the Sun's G 
of the E- K the Center of the Ellipſe. Produce K $ cn. 
, Hand, ſo that K G and 8 H may be to K$fu 
ee is the Projection of the Eccentricity) as the S 
3 ang Of the Radius is to the Square of the Sine « 
doe Obliquity of the Eeliptick: Thro' K draw v8 
Sorten. xallel to the common Section of the Equator 
Plate Ecliptick, and cut it at right Angles with the 
XXIII. S K : Thro' G draw GF, and thro' H & 
Fig. 7. F H, parallel to the Lines & Wand Y =; and 
S and K deſcribe the Hyperbola A B, whoſe Aſjat 

are FG, FH, This Hyperbola, and its ons 

CD, will cut the Ellipfe in the Points that ar 

quired ; that is, when the Sun is in the Point 

the Ecliptick which correſpond with B andD, t 

the Days are the longeſt, and in B the Day 

longer than in D: But the Points of the Eci 

which anſwer to A and C, give us the Places i 

the Days are ſhorteſt, The Demonſtration dt 

depends on the Motion of the Point that mark 

right Aſcenfion of the Sus round S; for it deſc 

about it Area's that are proportional to the Ti 
Therefore, the angular Velocity is every where . 

procally as the Square of the Diſtance from 5; 6 
ſequently, the Velocities' muſt be greateſt w 

theſe Diſtances are leaſt; that is, where the | 

Lines that can be drawn from $ fall upon the EI 

and the Velocities are the leaſt, where the I 

drawn from $ to the Ellipſe are the greatef: ! 

by the Conſtruction, and the 62d Prop. Lib. V. 
Apollmius's Conic is, it is evident, that the Hf 

bola's will cut the Ellipſis in the Points A and 

where the right Lines SA and SC are the great 

and in the Points B and D, where the right l 

8B and SD are the leaſt : For in theſe Points! 

Lines 8 A, $By SC, S D, are perpendicular e 
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tre, Hence the Motion of the Sun, according to Lecture 
Right Aſcenſion, will be quickeſt in Band D; XXVI. 
| therefore: the Days will be then the longeſt ;, ane 
Motion being floweſt in C and A, the Days will 
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Of the Theories of the other Plancts. 


of the Carte annual Motion, and ies of rhe 

„ ſhewed the Methods by which the Planets at- 

Sor. Form of its Orbit, and the Poſition ein by 

or the fis are determined, we may the Earth's 
+ then, by the Help of A/frozomical Ta- Motion. 

s, compute for any Time, the Place of the Earth * 

the Ecliptiek from the Sun, and its oppoſite Point 

Lwhich the Sun appears to be, as he is obſerved by 

„ We will now come to explain the Theories of 

| other Planets, the Knowledge of which cannot 

e 

By T the Periods of the Planets, or the 'Times mon 

ey take to complete their Circulations, are to be i Place 

und out in the firſt Place, For which. Purpoſe / 4 Pla- 

e muſt obſerve, that when any ſuperior Planet 7 that 

mes to an Oppoſition with the Sun, they then Ii in Oppo- 

rar in the fame Point ef the Ecliptick, feen./#/» 10 75 


Sun cons 
Y 4 from 3 


TIER F TER having explained the Theory 7, 73,,. 
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Lecture from the Earth, as they would do if the gg 
XXVI. were in the San, and obſerved them from thence , 
Land alſo the inferior Planets, when they are in Ci. 
junction with the Sun, and are obſerved in th 
Sun's Disk: If there were an Obſerver in the ln 
he would ſee them in the oppoſite Point of the l. 
cliptick, in which we behold them : And the, 
fore, whenever a ſuperior. Planet is in Oppoſtn 
to the, Sung his heliocentrick and geocentrick Ply 
coincide. :_ But when an inferior Planet is in C. 
junction with the Sun, and is ſeen in his Disk, te 
heliocentrick and geocentrick Places are oppoſite u 
each other. Moreover, in the inferior Pla 
when they are at their, greateſt Elongations fn 
the Sun, the Angle at the Sun's Center, contained 
between the right Lines drawn to the Earth ul 
Planet, is nearly the Complement of the Elon. 
tion: For in Orbits which are nearly circular, 2 Lin 
touching the Orbit. is almoſt perpendicular to te 
Line drawn from the Sun to the Point of Cu- 
tat: And therefore that Angle will be given, Bu 
we have the Point of the Ecliptick, in which tis 
Earth. is at that Time, ſeen from the Sun; ad 
conſequently, the Point of the Ecliptick in wii 
the Planet is, ſeen from the dun. And therefore, n 
theſe Poſitions, we have the heliocentrick Places d 

| the Planets. oF ty | 

How to - Iy then any ſuperior Planet, as for Exanyk 
find nearly Jupiter, were obſerved when he is in Oppoſitin 
the periodi- 4, the Sun: And again, if he were likewiſe ch 
cal 1 I ferved when he comes next in Oppoſition to ti 
2 1+antt. Sun; we ſhall have that Arch which the Plane, 
ſeen from the Sun, has in the mean Time & 
ſcribed. Say, as that Arch is to the whole Ci: 
cumference, ſo is the Time between the Obſer- 
vations to a Fourth, which will be nearly the pe. 
riodical Time of the Planet. After the ſame Mar 
ner by obſerving two heliocentrick Places of © 
inferior Planet, we may nearly collect its F 
riodical Time. I fay nearly, = þ not exadtly ; 6 
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e Calculation ſuppoſes, that the Motion of the Lecture 
inet is in a Circle, and that thro' the whole Period XXVI. 
is uniform, which is not true. — 
Tur following Method for finding the periodical 4 more ac- 
[me is more accurate. Obſerve a Planet twice curate Me- 
cceſſively in the ſame Node; that is, let there be #44 of 
v0 Obſervations, when the Planet about the ſame 14g the 
ut of its Orbit, has no Latitude, which can only V. 
open when the Planet has really no Latitude, and 
placed in its Node: The Time between the two 
ſſervations will be equal to the periodical Time 

the Planet. For, becauſe all the Planets move 
Orbits, whoſe Planes are different from the Plane 
the Ecliptick, and the Sun is in the common 
us of all the Orbits, theſe Planes will all cut 
> Ecliptick, in Lines which paſs through the 
„and in the Interſections of theſe Lines with 
Ecliptick are the Nodes; and the Planet in the 
bole Time of its Period, can never be obſerved 
t once, in one and the ſame Node. Now the 
des are either at reſt, or they have a very ſlow 
tion, ſo that for the Space of one Period, they 
ay be eſteemed as at reſt, And therefore, if we 
ow the Time between two Arrivals of a Planet 

the ſame Node, immediately following each 
er, we ſhall likewiſe know the Time of a Planet's 
riod, 
By the very ſame Obſervations, if we have the 
heory of the Earth's Motion, we can find the 
ition of the Line of the Nodes, or the Points 
the Ecliptick, in which that Line does interfect 

Let ATB, be the Orbit of the Earth, CND 

Orbit of the Planet, N S = the Line of the 
des; and in the firſt Obſervation, ſuppoſe the 
thin T, and the Planet to be obſerved, in 
And becauſe the Place of the Planet, ſeen from Table 
Earth, is known by Obſervation, and the appa- XXIV. 
t Place of the Sun, at the Time, is known by Fig: 1. 
> Theory of the Earth's Motion, we have the 
ch of the Ecliptick, between the two Places, 2 

the 
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330 ASTRONOMICAL 
Lecture the Meaſure of the Angle NTS. In the («yl 
XXVT, Obſervation, let the Earth be in t, and the Phu: 
in the fame Node N, and we ſhall have, by the lay 
Way, the Angle N: 8. In the right-lin'd The 
angle T'S t, we have the Sides T'S, 7 8, and t 
Angle T8 #, which is known by the Theory of ty 
Earth; therefore, by Trigonometry, we can find t 
Angles 8 Tr, and S t T, as likewiſe the Side iT} 
Therefore, from the known Angle 5 Tt, take sr 
the known Angle S T N, and we ſhall have tt 
Angle NT. To the known Angle x 78, add. 
Angle St T, which was found out, and we hx 
the Angle N: T. Then, in the Triangle NT, 
we have all the Angles, and the Side 1 T; cnk- 
quently, we ſhall have the Side NT, the Diſtae 
of the Planet from the Earth, at the firſt Obſers- 
tion. Laſtly, in the Triangle N T 8, we have 
Sides N T and T8, and the Angle N T8, wi 
was known by Obſervation; conſequently we it 
How to find the Side N S, the Diſtance of the Planet frn 
And the Po- the Sun, when he is in the Node, and the Amd 
ſition of T SN, which ſhews the Poſition of the Line « 
the Nodes. the Nodes; for that Point of the Ecliptick wd 


the Earth is in, ſeen from the Sun in the Time b. eq 

the Obſervation, is known; and the Angle T > p... 

is likewiſe known: Therefore we have the Point d L 

the Ecliptick N, in which the Node is placed, ſea tende 

from the Sun ; and the Point n oppoſite to it will M teck. 

the Place of the other Node. And therefore the © * 

ſition of the Nodes is found. " ſpheri 

To fand le TE Places of the Nodes being once determinei + th. 
Inclination we ſhall eaſily find the Inclination of the Plane i 1c. 
of the Pla- the Planet's Grbit to the. Ecliptick : For having ti fh, e 
net Orb Places of the Nodes, we can find the Time whe ind f 
to the E- the Earth, ſeen from the Sun, is in one of them 4. p 
heist. At the ſame Time, obſerve the geocentrick Latitudſſſ iv be 
of the Planet, and his Diſtance from the oppoſite H, 

Plate Node: Then the geocentrick Latitude of the Planet fervat 
— equal to the heliocentric Latitude it will have, WM (4. P 
8. 2 ſeen from the Sur, at the fame Diſtance from ti wer 


Nat; 
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K4 ; that is, make the Angle n 8 p, equal to the Lecture 
Angle 2 N P, and the Latitude of the Planet at p, XXVI. 
obſerved from 8, will be equal to its Latitude at F222 
obſerved from N. For let C PD: be the Orbit of 
the Planet, N S Nn the Line of the Nodes, BNT a 
Portion of the Orbit of the Harth, in which ſuppoſe 
the Earth to be at N, in the Line of the Nodes, 
and the Planet in its Orbit to be at P; and then the 
Sun, Earth and Planet, will be all in the Plane of 
the Planet's Orbit. From the Point P, on the E- 
diptick's Plane, let fall the Perpendicular PE, and 
in the Plane of the Ecliptick draw the Line NE; 
then the Plane of the Triangle N PE will be per- 
pendicular to the Ecliptick, and the the Angle PNE 
will be the viſible Latitude of the Planet, ſeen from 
the Earth. Through 8, draw 8 p þ parallel to N P, 
and p e parallel to PE; and the Plane through S p, 
and p e, will be parallel to the Plane N PE, and 
conſequently” perpendicular to the Plane of the Eclip- 
tick; and therefore 8 e, the common Section of the 
Ecliptick, with this Plane, will be parallel to NE. 
And becauſe NP and NE are parallel to 8 p and 
de, the Angle p Ss, the beligeentrick Latitude, will 
be equal to the Angle PN EF, the Latitude of the 
Planet obſerved from the Earth, in the Node N. 
Let zy be a Portion of the Planet's Orbit, ex- 
tended to the Heavens, 1 h a Portion of the Eclip- 
tick, Fh a Circle of Latitude paſſing through the 
belicentrick Place of the Planet, In the right-angled 
ſpherical Triangle n F h, Having » b, the Diſtance 
of the Planet from the Node, equal to what was 
obſerved when the Earth was at N, and the Latitude 
fh, equal alſo to what was obſerved at N, we can 
ind from thence the Angle h n f, the Inclination of 
the Plane of the Orbit es the Ecliptick, which was 
to be found out. rw 3 055 | 
HavinG once found out this Inclination, by Ob- 
ſervation we can find out the heliocentrick Place of 
de Planet, and his Diſtance from the Sun, when 
Nall * he comes in Oppoſition- to the Sun, Fo 
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Lecture LIT ATB be the Orbit of the Earth, DP? 
XXVI. the Orbit of the Planet: Suppoſe the Planet in] 
and the Earth in T, and NSA the Line of Node 
Here to in which the Sun is in 8. The Planet being in Opps 
aid the he- ſition to the Sun, its Place, reduced to the Ecliy 
liocentrick tick, will be in the Line 8 T, which paſſes throug 


Dien, the Earth, Obſerve the Angle PI E, the Planet 
figs the geocentric Latitude, and we have the Angle PST, 


Sun, achen his beliocentrick Latitude, becauſe we have the Planet 
the Planet Diſtance from the Node. Likewiſe by the "Theor 
is in Oppo- of the Earth's Motion, we have 8 I, its Diſtanc 
fition to the from the Sun, And therefore, in the Triangle PST, 
Sun. having all the Angles, and one Side 8 T, we ſhal 
Plate find S P, the Diſtance of the Planet from the Sur; 
XXIV. and the Angle PS n, the Diſtance of the Planet 
Fig. 3- from the Node, is found by the heliacentrick Latitude; 
by which Means we have the Place of the Planet, 
in his own Orbit, In the ſame Manner, if we have 
any other two Obſervations of the ſame Planet, in 
a Poſition or Aſpect oppoſite to the Sun, we ſhall have 
the Pofition and Magnitude of three Lines, through 
whoſe Extremities the Planet's Orb pales, and the 
Sun is in one of the Fei of the Orbit, And there- 
fore, to determine this Orbit, its Form and Poſi- 
tion, we muſt deſcribe an Ellipſe, whoſe Focus is 
given, and which will paſs thro' three given Points. 
The Geometers ſhew the Method of conſtructing this 
Problem, and we will likewiſe give the Solution of 
it hereafter. 911 
To findthe THOUGH a Planet were not in an achronical Po- 
heliocen- ſition, but in any other Aſpe& beſides, in Oppoli- 
trick Place tion to the Sun; yet, by one Obſervation, 4ts Di- 


and Di- ſtance from the Sun, and heliocentric Place may be 
f Ew ze found. Suppoſe PA E the Orbit of the Planet, 
22 * T GH the Orbit of the Earth. Let the Earth be 
in any in T, and the Planet in P, and the Sun in 8, in the 
:ther J. Line of the Nodes NS. From P let fall the Per- 
ſore. pendicular PB, on the Plane of the Ecliptick : Draw 
late BT, and produce it, till it meets with the Line of 
XXIV. the Nodes in N, and the Plane of the Triangle 
Fig. 4 NPB will be perpendicular to the Plane of the E- 


cliptick. 


gipticl 
o it,: 
in C. 

perpen 
the Ar 
net's ( 
fore g. 
geocent. 
gation 
the T. 
we ha 
the. Su 
28 alſc 
Angle 
have ] 
ving 
and t! 
having 
of the 
Te. 
TC 

Angle 
we h: 
the I. 
its Co 
PN” 


LEC TURES. 


333 

liptick. Let the Line CT, be alſo perpendicular Lecture 
DPI it. and meet with the Plane of the Planet's Orb XXVI. 
in Vn C. From T, upon the Line 8 N, let fall tb. 
Noda perpendicular TD; join the Points D and C, and 
Oppo the Angle TD C will be the Inclination of the Pla- 
Ecliy Wret's Orbit to the Ecliptick, which Angle is there- 
1ouh ore given. Obſerve the Angle B TP, the Planet's 
laneti I baacentrict Latitude, and the Angle BT'S, its Elon- 
PST, ation from the Sun, according to the Ecliptick. In 
lanet the Triangle N TI'S, from the Theory of the Earth 
heon WW we have the Side 8 T, the Diſtance of the Earth from 
ſtance N the. San, and the Angle TS N, which is known by 
PST, de Place of the Earth and Node, in the Ecliptick, 
* (hal s alſo the Angle ST N, the Complement of the 
dn; Angle S T B to two Right Angles : Hence we ſhall * 
Planet BW have NT. In the right-angled Triangle TS D ha- 
itude; ving T8, and the Angle T SD, we ſhall find T D; 
Janet, WW and therefore, in the right-angled Triangle T DC, 
> have Bi having T D, and the Angle I D C, the Inclination 
et, in of the Orbit to the Ecliptick, we ſhall find the Side 
| have T C. In the right-angled Triangle T CN, we have 
rout! WW TC and NT; and therefore we can find the 
d the Angle T NC. And again, in the Trianple NTP, 
there: we have all the Angles; for the Angle NTP is 
Poli- WH the Latitude of the Planet found by Obſervation, cr 
cus IS BY its Complement to two Right Angles, and the Angle 
oints. ¶ PN T juſt now found, as alſo the Side NT; where- 
g this BY fore we ſhall find the Side TP. In the Triangle 
n of WW PTB, rectangular at B, we have the Side TP, and 

the Angle PT B, which is the Latitude obſerved ; 
Po- wherefore, we ſhall have the Sides BT and B P. 
poli- WF And in the Triangle TS B, having TB and T'S, 
Di- and the Angle B TS, we ſhall have the Side S B, 
ay be i which is called the curtate Diſtance of the Planet 
anet, WW from the San, as alſo the Angle TS B, and conſe- 
th de quently, the heliccentrick Place of the Planet reduced 
n the WM to the-Ecliptick. Laſtly, In the Triangle PBS, we 
Per- have the Sides P B, BS, and by them we ſhall have 
aw P, the Diſtance of the Planet. from the Sun, and 
ie of te Angle PS B, the Heliocentrie Latitude. of the 
ange Y Planet, But having the heliocentrich Latitude, and 
- * 


the 
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its Diſtance from the Node, according to the Lectuie 


liptick, as alſo the Side 8 P. But, as the Tan- XXVI. 
t of the (geocentrick Latitude is to the Tangent. 


Place the Heliacentricł, ſo is the curtate Diſtance of 
ve fin ic Planet from the. Sun to its curtate Diſtance from 
t, ae Earth. But, by Obſervation, we haye the Pla- 
e ul ers geocentricl Latitude, wherefore its heliocentrick 
m, M atitude will alſo be found. By which, and the 


urtate Diſtance of the Planet from the Sun, we can 

j out the true Diſtance which was wanted; If, by 
his Means, we acquire three heliocentrick Places of 
be Planet, and the correſpondent Diſtances from 


aces d 
which e Sun, we ſhall have the Form of the Orbit, and 
ce Pk. Ne Poſition of the Agſides, by deſcribing, an Ellipſe, 

hich ſhall paſs through three given Points, This 
Point % /e is determined by the following Method. y 
erpen- WI LT 5D, SC and 8B, be three Lines given To deſcribe . 
Plane, WW Magnitude and Poſition, Draw D. C and BC, a Planet's 
xe ce. ip" produce them, ſo that DF may be to CF, Orbit, or 
g tte DS is to CS; and allo CE to B E, as C8 is 2 fd its 
Lon. Wo B S. Join F E, on which, from 8 let fall the Hen 
Angle emendicular 8 G, which will give the Poſition of , Fecer- 
n in Ie Axis, Draw the Lines DK, C4 and BH; plate) 
fame Ind cut SG in A, and produce it, ſo that G A yyry 
in L, Ny be to SA, as K D is to SD; and alſo Ga pig. 6. 
d find e to So, in the ſame Proportion; and make 32 ; 
from equal to S A. And the Points A and à are the 
tions, NVertices or ; Apſedes of the Orbit, "whoſe Foci are 8 
ptick, Ind , and greater Axis A @; and if, with theſe 
An- lde, and Foci, we deſcribe an Ellipſe, it will be 
refore Wi the fame Form with the Orbit of the Planet. 
id the or, becauſe SD is toCS, as F D is to FC, and 
and D Kis to C 7; by Change of Proportion, DS 
and Wb D K, as CS is to Cr, and fo is SB to 
, and B H. But as DS is to D K, fo, by Conſtruction, 


Lk, S A to G A, and 8 4 to G a; therefore, as 
LK, CA: GA: 82-4 or S5: 42 G - AG, or A3. 

angle And therefore, we have SD: DK :: SC: C 

e n- SB. BH :: Ss; Aa, But this is the Property 

Angle ef an Ellipſe whoſe Focus is 8, and greater Axis 

wy | A a, 
an 


Lecture A a, as is demonſtrated by the Writers of Cond 
XXVI. and particularly by Mr. Milnes, in his Treatit 


ASTRONOMICAL 


. Conick Sections, Part IV. Prop. 9. It is evil 49/41 
therefore, that the Ellipſe deſcribed with the , w 

Ss, and Axis Aa, will paſs through the Point, WE {1 

C and D. . d the 

BEC Aus in Aftronomy a Calculation is , ſhe 

preferable and more uſeful than the neateſt CoullW}-/;or, 


ſtruction, the Form and Poſition of the Ellipkj 
in this Manner found out by Computation, Inf 
Triangle DS C, having the Sides DS and CS; 
the Angle DSC, we can find out the Side 
with the Angles SCD and SDC; and, int 
fame Manner we can find in the Triangle BY 
the Side BC, and the Angles SBC and SC} 
And, becauſe we have the Ratio of DF to C 
and we have D C, we ſhall alſo have CF, 


mea 
like Manner, becauſe we have the Ratio of ld h. 
to BE, and we have BC, we ſhall have Cc the 
and B E. But we have the Angle B CD, ig or 
to the Sum of two known Angles, and thereſo n for 


we have the Angle FCE, its Complement to tm 
Right Angles. In the Triangle FCE, we han 
the Sides FC and C E, and the Angle FCE 

wherefore we. can find the Angle F E C, and, it 
Complement to a Right, the Angle: CE; to whid 
adding the known Angle S CB, we have the whot 
Angle 8S C Ii: And becauſe S @ and Cz are n 
rallel, the Angle CS a is equal to the Angle 8 Ci, 
Having therefore the Angle C 5 a, we have tl 
Poſition of the Axis. In the right-angled II 
angle E Ci, having EC and the Angle E, ue 
can find C i; and therefore, we can find th 
Proportion of C'S to Ci. In the Triangle CS 
right-angled at L, we have the Angle CS L. de 

mplement of the Angle C 8 @ to two Nigg 
Angles and the Side C8: Therefore, we hal 
have 8 L, to which adding L G, equal to C. 
we have the whole SG : And becauſe C 5 and 
C i are known, their Proportion will be 


Tim 
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CS is to Ci, ſo let SA be to A G, and ſo let Lecture 
de to a G, and ſo let Ss be to Aa, and we have XXVI. 

» Apfides of the Ellipſe A and a, and its Fic: 8 

Js, which were to be found, 

We ſhewed above, how by an Obſervation to 

4 the heliocentrick Place of a Planet; and we have 

w ſhewed how to determine the Poſition of the 

blion, by which Means we can find the Diſtance 

2 Planet from the Aphelion, at the Time of the 
ſervation 3 this Diſtance from the Aphelion is cal- 

che true or co-equated Anomaly of the Planet, 

t having the Eccentricity of the Orbit, and the 


in M riodical Time, we ſhewed before, how to find the 

e Biers mean Anomaly, in the Lecture in which 

SC} gave the Solution of Kepler's Problem; there- How to 

to r, at the Time of the Obſervation, we ſhall have fnd a Pla- 
F, mean Anomaly of the Planet, or the Place he net's mean 
of ed have in his Orbit, did he conſtantly proceed Auomaſy. 


th the ſame angular Motion round the Sun. This 
ing once obtained, we have the Planet's mean Mo- 
dn for any other Time. For ſay, as the periodi- 
Time of the Planet is to the Time between the 
ſervation and the Moment of Time for which 
mean Place is deſired, ſo is 360 Degrees, or a 
hole Circle, to a Fourth. This Arch, if the Time 
eded the Obſervation, being ſubſtracted from the 
before found, or added to it, if it comes after 
Obſervation, will give the mean Place of the 
anet for the Time propoſed. 
Fox the more eaſily finding the mean Place of a 


d Ta het, for any Moment of Time, it will be eaſieſt 
E, vl take out its Motion from the Aſtronomical Tables, 
wy | which is ſet down the Planet's mean Place or 


en Anomaly, in the Beginning of any remarkable 

7 as is from the Birth of our Lord, = 

ra of Nabonaſſer, of the Creation, the Building o : 

ume, or the 400 Vear of the Julian Period. The 3 

aces of the Planets, at theſe Inſtants of Time, 

ſe found by the preceding Methods, and are com- 

ted according to the Meridian of equal Time, and 
2 not 


or Epocha. 
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Lecture not for the apparent Time, The Place for that Tu 


XXVI. 
— — 


How to 
compute the 
mean Anuo- 


Maly. 


completely finiſhed. Say, as the periodical Time 


Days, to the Motion of the fourth Vear we mu 
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is called the Epacha or Radix, that is, the Ry 
from which, as from an immoveable Foundation, 
the Motions are calculated, 

Ir the Times be numbred by the Years fn 
the Birth of CHRIST, or from the Beginning. 
the Julian Period, it will be moſt convenient th 
the Year take its Beginning from that Mid- 
which preceded the firſt of January; fo that at t 
Mid-cay of the firſt of January there is one D 


to a common Year of 365 Days, ſo is a whd 
Circle, or 360 Degrees, to a Fourth, which will 
the mean Motion of the Planet for one Year, 

like Manner ſay, as the periodical Time is to a DN 


ſo a whole Circle is to a Fourth, and we ſhall ha 


the mean Anomaly pertaining to one Day. An 
by working with the like Proportion, we ſhall ha 
the, mean Anomaly for an Hour, and for every Mi 
nute and Second. And if we add the Motion f 
one Year continually to itſelf, we ſhall have ti 


Motion in two, three, and four Years : But becal 


every fourth Year is Biſſextile, and conſiſts of 30 


add the Motion of one Day; then, by conſtant 
adding the Motion of one Year, we ſhall have t 
Motion of five, ſix, and ſeven Years. But the M. 
tion of the eighth Year is to be increaſed by 


Motion of one Day, or rather the Motion of. tou 
Years is to be doubled, to have the Motion of eg 
Vears, becauſe that Year is Biſſæxtile. From the! 


Motions, ſo collected by Addition, we muſt alwai 
reject the whole Circles, or 360 Degrees ; for ait 
a Planet has completed its Circle, it returns to t 
ſame Place. By this Method we have the ma 
Place of the Planets to twenty Years ; and if tl 


Motion of twenty Years be conſtantly added to it 


ſelf, we ſhall have the mean Place for 40, 60, de 
and 100 Years ; and to each of them add the Me 
tion of ten Years, and we have the Motions 3 


Placg 


places 
antini 
rejectin 
Motior 
0 100 
all h. 
k 000 
Tu 
are to 
les of 
hey a 
* 
f the | 
noctial 
muſt t. 
hack, 
ime, 
DY wh 
Planet 
0 mo 
Motio! 
which 
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at Tu Pues for 30, 50, 70, and go Years. And by the Lecture 
he Ro ontinual Addition of the Motions of 100 Years, XXVI. 
ition, rejecting always whole Circles, we ſhall have tb 
Motions of 200, 300, 400, 500, Cc. Years, even 

to 1000 : And proceeding in the fame Way, we 


rs fro 


nning Mall have the Motion of 2000, 3000, 4000, and 
tent ooo Years, and fo as far as you will. 

Mid- Tayzs: Motions, being in this Way computed, 
at at te to be diſpoſed in Tables, which are called Ta- 


one 1) 
Time 
a hg 
will 
ear. 

d a D 
all h 
7. An 
tall hay 
very M 
tion 4 
ave tt 
t becaul 
of 36 
we mu 
"nſtant] 
have t 


les of the mean Motion; or mean Anamoly, when 
hey are numbred from the Aphelion ; and they are 
ound in Aftronomical Tables for each Planet. But 
f the mean Motions are computed from the Equi- 
noctial Points, inſtead of the periodical Time, you 
muſt take the Time the Planet revolves in the Zo- 
tack, which is ſomewhat leſs than the periodical 
ime, becauſe of the Preceſſion of the Equinccties, 
by which the Interſection of thoſe Points meet the 
Planet, If the Aphelia of the Planet be ſuppoſed 
o move, this Motion muſt be conſidered ; and the 
Motion of the Equinoxies, and of the Aphelia, 
which, for ought we know, are equal but in the 
im) are likewiſe to be computed and diſpoſed in 
ables, for Years, Tens, Hundreds, and Thouſands 
ff Years, as the other mean Motions are; that for 
any Time, we may have the Places and Diſtances 


the Mer the Aphelia from the Equinoxies. 

| by 088 Tax Aſtronomers have ſome other Tables which 
of. jou give the true Anomaly anſwering to every Degree 
of egher mean Anomaly, which are computed by ſome of 
* the Methods delivered above in the former Lectures. 


If Minutes and Seconds are added to the mean Mo- 
tions, we muſt take the Difference of the true Ano- 
malies, which are one Degree diſtant from each 
other; and, by proportioning, we muſt add that Part 
which is to be added to the tabular Anomaly which 
1s next leaſt, or is to be ſubſtracted from it, if it be 
next greateſt. . 
For the Motions of the Sun and Moon they com- 


monly compute the Equations Or Praſthaphæreſis 5 
Z 2 which 


for aſte 
is to t 
e mea 
d to it 
60, 8 
the Me 


ons al 
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Lecture 
XXVI. Anomaly ; and they, either ſubſtracted or added 


- the mean Anomaly, as the Planet is in the firtq 


The Argu- 
ment of 
Latitud;:. 


The cur- 
tate Di- 
ſtance of 
a Planet. 


Plate 
XXVI. 
Fig. Iz 


the Plane of the Ecliptick, which are known: But 


The Angle 
of Com- 
mutation, 


ASTRONOMICAT, 


which are the Differences between the true and me 


ſecond Semicircle of Anomaly, give the True. 

HAvING the Places of the Aphelion and Nodes w 
have their Diſtance from each other: And thereſa 
having the true Anomaly of the Planet, we ha 
its Diſtance from the Node, which is called the 4% 
ment of Latitude, by which, and an eafy trigonomen, 
cal Calculation, we can find the centrical Latituk 
of the Planet, and its curtate Diſtance from the qu 
which is the Diſtance from the Sun to that Pon 
where a Perpendicular, let fall from the Plan 
meets with the Ecliptick. And thus we have ſhewd 
how to find the centrical Place and Latitude of W 
Planet, and its curtate Diſtance from the Sun. An 
theſe are found, we fhall likewiſe be able to find li 
geocentrick Place, or where he will be ſeen from the 
Earth, in the following Method. 

Finp firſt the Planet's Heliscentriet Place, ant 
curtate Diſtance from the Sun, as alſo the Tarth 
Place and Diſtance from the ſame, Let TCF e 
the Orbit of the Earth, in which the Zarth is in T; 
APE the Orbit of the Planet, and its Place P, the 
Sun 8, n SN the Line of Nodes, From the Plat 
of the Planet let fall, on the Plane of the Ecliptick, 
the right Line PB; draw 8 B, and produce it til 
it meet with the Ecliptick in the Planet's Place r- 
duced to the Ecliptick ; which Place is found by 
the Arch PN, and the Inclination of the Orbit to 


we have the Place of the Earth ſeen from the du; 
and therefore we have the Diſtance between them, 
or the Angle TSB, which is called the Aug. 
Commutation. Then, in the Triangle 8 T B, we 
have S T, the Diſtance of the Earth from the duh 
and S B, the curtate Diſtance of the Planet; where. 
fore we ſhall find the Angle S T B, the Elongation 
of the Planet from the Sun, or the Arch of tit 
Ecliptick intercepted between the Sun's Place and the 


Planets 
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lanet's Place, reduced to the Ecliptick ; as alſo Lecture 
B, the curtate Diſtance of the Planet from the XXVI. 
artb. But the Place of the Sun is given, for it is Wanyammed 
ppoſite to the Place of the Earth ſeen from the | 
: Wherefore alſo we ſhall have the Place of the av 7 
anet in the Ecliptick, as it is ſeen from the Earth, compare 
Moreover, in the two Triangles PSB and T PB, Pla. 
at are rectangular at B, the Tangent of the Angle net's geo- 
SB is ta the Tangent of the Angle PT B, as T B centrick 
to SB: But as T Bis to SB, ſo is the Sine of Place. 
8B, the Sine of the Commutation, to the Sine of 
e Elongation ST B. Wherefore fay, as the Sine 
the Commutation is to the Sine of the Elongation, 
is the Tangent of the heliocentrick Latitude to 
Tangent of the geocentrick Latitude, which was 


of tir de found. And by theſe Means the A/fronemers 
* e able to find, for any Inſtant of Time, the geo- 
5 h ntrick Place and Latitude of any Planet, 


ComPARING the Diſtances of the Planets from The Har. 
> Sun, with the Times of the Periods round him, mory be- 


Gy and find that they all obſerve a wonderful, regular, een the 
Ty fv elegant Harmony and Law, viz. Periods 
of br” Squares of the periodical Times are in all of and Di- 
in TI proportional to the Cubes of their mean Diſtances #3 of 
e “ 84%. Now their Periods and mean Di- 1e 


pt nces are theſe, which we here give in the following 


it til 

ace n. The Periods. Mean Diſtances. 
Fr 0 D. NS 

N Bu h 10759 6 36 26[953800 

06 f 1 4332 12 20 350520170 

e * 6 686 23 27 30 15 2369 

Fay © 365 6 9 zec[100000 

* I L 224 16 49 24 72333 

ie Jun, ; 87 23 15 531 38710 

wy Taz illuſtrious Mathematician Mr. Hugens has 
wy ermined very nicely the Diameters of the Pla- 


„ by comparing them with that of the Sun, in 


and the 2 3 his 


Planets 
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Lecture his Saturnian Syſtem, which he did by the followiy 
XXVI.. Method. 2 
— COPERNICUS, by his new and divinely invents 


The Dia- 


Syſtem, bas ſhewed us how to find out the Diftane 
of each Planet from the Sun, in Proportion to th 
Earth's Diſtance from the fame : But their apparey 
Diameters, and how much ſome are bigger th 
others, has been diſcovered by the Help of the J. 
leſcope. For by comparing the Proportions of thei 
Diſtances and apparent Magnitudes, the Proportia 
of their true Bigneſs to that of the Sun will eaſih | 
found, by the Principles we have laid down in or 
firſt Lecture. 

As for Saturn, the Diameter of his Ring, wha 


maters and he is neareſt to us, ſubtends an Angle of 68 Secnk, 


Magni- 
tudes of 
the Pla- 
nets eſti - 
gated, 


And becauſe this leaſt Diſtance of Saturn is fer 
eight Times the mean Diſtance of the Sun from u 
it follows, that if Saturn were as near us as the ln 
is, the Diameter of the Ring would appear «lt 
Times bigger than now it does, that is, it would 
91 4/!, But the Diameter of the Sun in his mea 
Diſtance is 30! 30/7, Therefore the Proportion 0 
the Diameter of the Ring to the Diameter of tix 
Sun, is that of 9! 4/! to 3of 30%, which is near te 
Proportion of 11 to 37. But the Diameter of % 
turn's Body is to the Diameter of the Ring, 28 4 t 
q; that is, nearly as 5 to 11: And therefore it iK 
the Diameter of the Sun, as 5 to 37. | 

JueriTxR's Diameter, when he is next to us, 
64 Seconds; and then his Diſtance is to the meat 
Diſtance of the Sun, as 26 to5 ; ſay, as 5 isto? 
ſo is 64 Scconds to a Fourth, which will be 5/35 
which is the Bigneſs of the Angle that Jupiters D 
ameter would ſubtend, were he as near as the 
is: But the Sun is ſeen under an Angle of 30' 30 
therefore the Proportion of Fupiter's Diameter ! 
that of the Sun, is, as 5! 35% to 3o/ 30%; that! 
a little more than 1 to 53. | | 

Venus, when ſhe is neareſt the Earth, ſubtes 
an Angle of 85 Seconds, and then her Pf 


tale 


/ 


llowi 


/ 


lVente 
Diſtana 

to the 
pparen 
2r tha 
he Te. 
of ther 
porting 
aſih K 


IN d 


>... a. ĩ ͤ 


—— —— — — — — — =O — 


— — — - — — — — - - 
» 


ance is to the mean Diſtance of the Gan nearly, Lecture 
21 is to 82: And therefore, if Venus were re- XXVI. 
td to the Diſtance of the Sun, her Diameter 2 : if 
ld be only 21/7 46/7: And therefore we know 1 
at the Diameter of Venus is to that of the Sun, as 1 
46% to 30%; that is, as 1 to 84. | l s 
ByT the Diameter of Mars, when neareſt to the TH 
art, is not greater than 30%: And therefore, ſince 4 \ 
last Diſtance of Mars is to the Sun's mean 
Wiance, as 15 to 41; the Proportion of Mars's 
iameter will be to the Sun's Diameter, as I is to 1 
6: Therefore Mars is but half the Bigneſs of Ve- | 
in its Diameter, Hevelins, by Obſervations, 14 
nd, that Mercury's Diameter was to that of the 
u, as 1 is to 290, | 
Tan Magnitude of the Earth, in Compariſon of 
t of the Sun, is variouſly eſtimated by the Aſtro- 
ers : They who ſuppoſe the horizontal Parallax 
the Sun to be 15 Seconds, muſt make the Di- 
ce of the Sun from us, to be but 13750 Semi- 
meters of the Earth; and the Diameter of the 
th will be to the Didoncter of the Sur, as 1 to 
; But we have a probable Argument, which proves 
Diſproportion or Inequality greater. For, be- 
ſe the Diameter of the Mon is ſomewhat more 
n a fourth Part of the Diameter of the Earth, if 
t Parallax of the Sun were 15 Seconds, then the 
oy of the Moon would be greater than that of 
en; but it ſeems incongruous that a ſecondary 
et ſhould be greater than a primary Planet. Let 
ſuppoſe therefore, that the Semidiameter of the 
th, ſeen from the Sun, be 11 Seconds, as it was 
ly collected from the Parallax of Mars, obſerved 
Dr. Halley and Mr. Pound : And then the Earth's 
lance will be nearly 20000-Semidiameters of the 
th, and the Moon will be leſs than Mercury. 
d the Proportion of the Diameter of the Earth 
the Sun will be that of 1 to 83; to which Pro- 
tion we may give our Aſſent, till by an Obſer- 
on of Venus in the Sun's Body, which will happen 


24 in 
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Lecture in 1561, we may be made more certain of the Sun, 
XXVI. Parallax. Therefore the Diameter of the Sur is 1 


Loyd the Planets Diameters, nearly in the Proportions n 
| preſented in the following Table, 


8 


Saturn 

| Jupiter 10 
The Diameter of the Sun Mars as 1000 
is to the Diameter of the Earth is to li 
Venus 


Mercury 


AND becauſe Spheres are to one another, as th 
Cubes of their Diameters, 


| 
9 


e 


Saturn 257135 
| Tupiter 59297 e 
The Sun JMars as T000000C00 122 
will be to Athe Earth is to 17 aanet i 
| Venus 17208vould e 
. Mercury viſit 


would | 
derior P 
de Ear 
ts Orb 
ouches 
arth : 
ferior 
then the 


ppear 


HEN OE it follows, that the Sun is a hundred an 

fixteen Times bigger than all the Planets put together, 

Saturn is 400 Times leſs than the Sun + But for Quan 

tity of Matter it is 2400 Times leſs than the Matte 

upiter is of the Sun. Fupiter, the biggeſt of all the Planets, | 
ram than 160 Times leſs than the Sun, and his Matter tht 
all the compoſes his Body, is 1033 Times leſs than the Mat 
Planets ter of, the Sun. But our Earth, if it be compari 


put to- with the Sun, is but of a very ſmall Magnitude, and come 
gether. not bigger than a phyfical Point; for it is 00% me A 
Times leſs than it, Beſides, comparing the Plane touches 

with one another, we find that Jupiter is bigger thanper Mo 

all the reſt of the Planets put together; and thaiſble 


he is above 3000 Times bigger than the Earth; but 
Venus is of the fame Bigneſs with the Earth. And 


ther an 
e Ear 


yet there are two of the fix Planets, viz. Marcpor is : 
and Mars, leſs than the Earth. * y 
| arth, 


LECTURE 


LEROTURES; :- 


LECTURE NA. 


Of the Stations of the Planets. 
| Planets alone turned round the Sun, Planet is 
Hes an inferior Planet would ſeem to be * Hatio- 
D duationary, in that Point of its Orbit, 26 , abben 
* N pit is ſeen in ; 
r a right 
E touched the Orbit; for when the nch 
Planet is near that Point, if the Earth ſtood ſtill, it ing its Or- 
mould _ approach the Earth, and would have z;; ; 
rould be the leaſt of all. In like manner, if a ſu- 
erior Planet were at reſt, when it is viewed from 
tie Earth, it would appear to ſtand in that Part of 
ts Orbit, where a Line drawn from the Planet 
arth and Planets move round the Sun, when an 
ferior Planet, is in the fore- mentioned Tangent, 
then the Motion of the Earth, will make the Planet 
appear to change its Place, and the Planet will not 
ame Account, when the Earth is in the Line which 
ouches its Orbit, and paſſes to a Planet, the pro- 
fer Motion of the ſuperior Planet, will change its Ny- ;; a 
ſible Place. And therefore it happens, that nent | rig 
e Earth are in a Line which touches its Orbit; when it it 
nor is a ſuperior Planet ſtationary, when the Earth/*en in a 
nd it, are in a Line touching the Orbit of the Le 0uco- 
Earth, ing the 


as tell MEE F the Earth were at Reſt, and the A inferior 
where a Line drawn from the Eart 
o viſible Motion, or at leaſt, its viſible Motion 
puches the Earth's Orbit. But becauſe both the 
de come to its apparent Station. And, upon the 
ter an inferior Planet ſeems to reſt, when it and ſationary 
Earth's 


Bur Orbit. 
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Ly wards; between the progreſſive Motion and the n. 


When a 
Planet ap- 


pears Aa- jn the Heavens. 
4aonatry. 
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Bur ſince all the Planets do ſometimes appen 


greſſive, there will be ſome Point, where it will 

pear to ſtand and continue in the fame Situatin 
Now it ſeems to keep the ſane 
Station in the Heavens, when the Line that jon 
the Earth and Planet's Center is conſtantly dired 
to the ſame Point in the Heavens; that is, whe 
it keeps parallel to itſelf: For all right Lines, dram 
from whatever Point of the Earth's Orbit, parill 
to one another, do all point to the ſame Star; he. 
cauſe the Diſtance of theſe Lines is not ſenſible 


.. Compariſon of the great Diſtance of the fin 


Stars. | 4 a 
THEREFORE, to find out the Points of $t- 
tion, we muſt inquire the Poſition of the Lin, 


which, joyning the Earth and Planet, keeps pam. 


lel to itſelf : For which Purpoſe we muſt obſer, 
that if the Centers of the Sun, Earth and Plant 
be joined by right Lines, they will form a Triangle 
whoſe two Sides, drawn from the Sun, are alway 


equal to the Diſtances of the Earth and Plant 


from the Sun; and the Baſe is 2 right Line joining 


the Farth and Planet: And becauſe the Sides d 
this Triangle, in circular concentrick Orbits, 
keep always the ſame Magnitude, the Proporton 
of the Sines of the Angles at the Baſe, will be con- 
ſtantly the ſame: For the Sines are as the oppoſie 
Sides, 

LET the Circle BD G, be the Orbit of te 


Planet, and AHK, the Orbit of the Earth concen- 


trical to it. And let us ſuppoſe the Earth in à, 
the Planet in B, and the Sun in the Center d. 
In the Triangle A'S B, the Sines of the Angles A and 
B, at the Baſe, are as the oppoſite Sides S B, 8 4. 
LET us ſuppoſe then, that in a ſmall Particle d 
Time, the Earth is moved through the ſmall Arch 
A C, and the Planet at the ſame Time through 
the Arch of its Orbit B D; their angular Me. 


tions 
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re rec 
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eſs is 
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SMD will be equal to the Angle A; but by th 
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ons at the Sun, made in the ſame or equal Times, Lecture 
re reciprocally as their periodical Times; for how XXVII. 


es is the Angle it deſcribes, round the Sun in any 


ren Time. Therefore, the Angle ASC, the an- 
ular Motion of the Earth, is to the Angle BSD, 


he angular Motion of the Planet, as the periodical 
ime of the Planet is to the periodical Time of the 
arth ; that is, the angular Motions in the ſame 
ime are in a conſtant Proportion, 

LET the Center of the Earth in C, and of the Angular 


Planet in D, be joined by the Line C D, which is Motions 
arallel to the former Line AB: And in that Caſe, #7* % 28:- 


s we have ſhewed, the Planet will appear ſtati- . Fo- 
nary, Let SA cut C D in M, and S8 D, pro- ee 
Juced, cut AB in E: And becauſe AB and CD p 


re parallel, by the 29th of EI. I. the Angle e 


e Times. 


22d of the firſt El. the Angle S MD is equal to 
the Angles C and MSC; wherefore the Angle C 
z equal to the Angle A, bating the Angle MS C 
or CSA, Likewiſe, becauſe of the Parallels A B 
and C D, the Angle SDC is equal to the Angle 


E A, which is equal to the Angles 8 B A and 


BSE; wherefore that Angle is equal to the Sum 
of the two Angles SB A and BSE. Therefore 
the momentaneous Increaſe of the Angle SB A is 
equal to the angular Motion of the Planet at the 
dan. And before it was ſhewed, that the De- 
crement of the Angle A, was equal to the Angle 
ASC, or to the angular Motion of the Earth ; but 
theſe angular Motions are conſtantly in a given Pro- 
portion, which is reciprocal to their periodical Times, 
A Planet therefore appears ſtationary when the 
momentaneous Change of the Angle at the Earth is 
to the momentaneous Change of the Angle at the 
Planet, as the periodical Time of the Planet is to 
the periodical Time of the Earth. 
LET there be two Arches or Angles, whoſe able 
pines are to one another in a conſtant Propor- XXV. 
tion. Fig. 2, 


nuch the greater is the periodical Time, ſo much Conmymnd 


their peri- 
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Lecture tion. I ſay, that their Co-ſines, or the Sines of i 
XXVII. Complements of theſe Arches, are in a Propotty 
ky dS compounded of the direct Proportion of the Sinead 
theſe Arches, and a reciprocal Proportion of the m. 
mentaneous Changes of the Arches or Angles, I, 

- Example, Suppoſe the two Arches A M and Ch 
G whoſe Sines are AB and C D, and their Co- 
SB, S D. Let the Arches AM and CM dec 

into EM and GM; fo that the Sines E K, Gl, 

may be proportional to the former A B and CD. [x 

AE and C G be the Decrements of the Arche 

which being infinitely ſmall, may be taken for Rig 

Lines. Draw FE and GH, parallel to SM; th 

Triangles AF E and AS B are equiangular : I 

the Angles B, and AF E are both right, and te 

Angle E A F is equal to the Angle AS B, the Av 

. gle S AB being the Complement of both to a gt 

Angle. After the fame Way it may be proved, tia 

the Triangles CHG and CS D are equiangul, 

Therefore CG: CH::CS:5$SD; and AT: 
AE::SB:AS or CS: Wherefore multiphing 

the Antecedents together, and the Conſequents tv 

gether, we have the Proportion C G AF:CH 
xAE::CSxSB:SDxASor CSX SD: 

that is, SB is to S D in a Proportion compounded 

of A F to CH and of CG to AE. But the Raty 

of AF to CH, is the ſame with the Ratio of the 

Sines AB and CD; and the Ratio of C G toAE 

is the Ratio of the momentary Decrements of the 

Arches C M and AM. Therefore 8 B, the Co. 

fine of the Arch A M, is to S D, the Co- ſine of 

the Arch C M, in a Proportion, compounded of the 


direct Proportion of the Sines of theſe Arches, anda 

reciprocal Proportion, of the inſtantaneous Decre- eden 

ments of the Arches, that is of CG to AE. e {nal 
This ap- HENCE, if the Centers of the Sun, of the Earth Ne of 
Flied to- and of a Planet that is ſtationary, be joined with bereft 
Planets Lines, the Co-ſine of the Angle at the Earth, vill e Co. 
when ſia- be to the Co-ſine of the Angle at the Manet in . ⁹o 
tin Proportion, compoſed of the Sines of * 0 4 
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Lecture the Angle A, to the Co-ſine of the Angle 8 
XXVII. is compounded of the Ratio of T to t, and of j 
2 to S A, But it was ſhewed, that when the Co-ſn 
of the Angles had this Proportion, then the Pla 
ſhould be ſtationary, Therefore it is evident, t 
when the Planet is in B, and the Earth at A, þ 

Planet will appear to be ſtationary. 
When a HENCE we ſee, that when an inferior Planet; 
Planet is ſeen from the Earth to be ſtationary, the Fn 
ſeen from alſo, viewed from the inferior, will likewiſe ann 
the Earth to be ſtationary, and will ſeem! to remain in the (ar 
to be ſtati- Place, For the Earth is ſeen ſtationary, when 6 


d1 
to 


onary, the Line that Joins the Centers of the Planet and vi; tha 
proving Earth keeps parallel to itſelf ; and ſo long 3 ti 

. Line keeps a Paralleliſm, it will always be dir 8 
will ap- © the ſame Point in the Heavens. | * 
fear flatij- By the ſame Method, we find the Poſitions i ® , 
nary, the other ſuperior Planets, in reſpe& of the 2 eie 


and Sun, when they are to be obſerved by us tk 
ſtationary, viz, by inquiring where the Earth, a 
ſidered as an inferior Planet, will appear ftationan 
ſeen from a ſuperior Planet. 

Ir the periodical Times were proportional t 
the Diſtances from the Sun, the Points E and! 
would coincide with G, and the Planet would “ 
ſtationary, when the Angle A was nothing ; that! 
when the inferior Planet was in Conjunction wil 
the Sun But if 8 E bore a greater Proportion i 
S A than SG did toS A, the Circle A B E cou 
cut the Planet's Orb in no Point at all; and 
Planet could no where be ſtationary, but would 2 


If ) 
le at 
et fro 
E Ra 
ie Ea 
et, w. 
roport 
e Cen 


e Ear 


pear conſtantly to move disectly forward: But nt * Y 
ther of theſe Caſes obtain Place in the Planets; — 7 
SE is always leſs than $ G or 8 B, which I 1+ 
demonſtrate. 41, 


CALL the Diſtance of the Earth from 
Sun p, the Diſtance of the Planet S G or s 
call g, the periodical Times T and t. And,! 
the univerſal Law above explained and oben. ., _ 
in all the Planets, we have T* : ff ::7 | 
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of n 


'0-\1ng a 
Pl; 1 8 Z 
* ore, a 5 * P : 9X9 2 p to L; which is 


A, wa | 2 
erefore equal to 8 E.: And becauſe p is 
anet i 


Ee eater than ; therefore, q x p is greater than 


= I I 

1 x 4 3 and dividing all by pi we have g great- 
hen b — 

and r than —— ? or than 8 E, And therefore, 


as th 2 

by p | 
d "Wnce S B or S G is greater than S E, the Circle up- 
n the Diameter A E, will cut the Orbit of the Pla- 


et: And therefore we on the Earth, in ſome certain 


tions d 
e Fort 
13 to l 


”y le at the Earth or the Elongation of the Pla- Calcula- 
en ct from the Sur, is defined in this Manner, Let tien. 
=_— e Radivs be z, and the Sine of the Angle at 

* ie Earth q x ; the Sine of the Angle at the Pla- 

ory Tt, will be 2 x, ſuppoſing that p is to 9 in the 

a roportion of the Earth and Planet's Diſtances from 

OY e Sun: And becauſe the Sine of the Angle at 

tion Me Earth is ꝙ x, its Co- ſine is 2 .— 9 K*; and the 

E * o ſine of the Ang. At the Planet will be 4/ 2. — P **: 

an 


ind therefore / 2 — : of 2* - :: Tn 4 
* þ: And ſquaring the Terms of the Analogy 
ere ee 
A t:: p: gi; Wherefore, inſtead of I. 
d , put p3 and g*, which are proportional to 


ould 7 


But nel 


rom | Al and we ſhall. have 2 — 9 *: 2? — : 
or SM : % x#* ::-p: 9: And therefore we have 
And, 0 Equation q 2 — 7 9322 7 2 — 5 1 *, and 


en x 7 ; and x =z.x Sf—9 
, 7 —7? 
and 


rg ::pxp* :9 x 953 but as T XXVII. 
tot, ſo is SA:SE::p:8 E. Say there- WS 


olitions, may ſee each of the Planets ſtationary, 7 find the 
If you defire to uſe a Calculation, the An- Stations 
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LeQure and g c, the the Sine of the Angle at the £arth, 2 


XXVII. 

— 272 * 22, which is val to —= 2 
V pi—gp Ny V +1179 
therefore the Square of the Co-ſine of this Aj 
1  E CT AASIELL 
F TEE TA. 
therefore the Co-ſine is 2 x „ 
TT 


25 


Co- ſine is therefore to the Sine, as z x As 
VH 


22 | — 
to — as 4/.p*+pg is to 9. But, 
T T7 7. f ' 


the Co-fine is to the Sine, ſo is the Radius to the 
Tangent; therefore ſay, as 4/p*+#g is to 5 b 


1 

& is to 7 = which is the Tangent of the Au. 
gle at the Earth: And by this Analogy the Ang 
is eaſily found. For if half the Sum of the Ie 
garithms of p and p + g be ſubſtracted from the 
Logarithm of 9, there will remain the logant 
mick Tangent of the Angle at the Earth, Fron 
this Value of the Tangent we have the follow 
ing geometrical Conſtruction, which determine 


P oſiti 
Te wi 
can 
Ither c. 
y alge 
them: 
have 
we m 
from 
t ſtatic 
or th 


Table the Angle. Let H A Q. be a Portion of Un d Anſi 
XXV. Zarth's Orbit, GB D the Orbit of the niet in vo 
Fig. 4. Planet, and the Sun in 8 the common Center 08Wuſtricy, 


Another the Orbits. Produce A 8, ?till it meets 
more eaſy the inferior Orbit in D; upon the Diameter AD 
Conſftruc- deſcribe the Semicircle AC D, and at S, e 


follow 
nding 
WHAT 


tion 3 upon A D the Perpendicular 8 C, cutting is ma 
Prob Semicircle in C; join A C, in which take Al ion the 
=5SD; and from F upon A 8, let fal fall the Pe luced ti 


8, inte 


pendicular F E; in $C take 8 LA E, 


_ AL: Then SAL will be the Angle requortion 
: and B, where A L cuts the inferior Obi Planets 
el be the Point of the Station: For the >qw i . 
ich; 


4 
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SC is equal to the Rectangle ASD = 5 9, Lecture 
nd A C ſquare = AS ſquare + S C ſquare = pz XXVII. 
5: But AC{AF::AS:AE:: 48: 
L:: The Radius: Tangent of the Angle SAL, 


— — G T q , ; 
at is p* 29:49:04: 7= which is there- 
at is YP ?: 7 2 7 5 
re the Tangent of the Angle required, 


Taxst Calculations and Conſtructions would ſuf- The abc, 
. ently determine the Points of Station, if the Pla- Calcula- 

q ts Orbits were concentrical Circles: But ſince they en and 
i <ccentrick and Ellipſes, both the Angles at the Cn/frac- 
and Planet will be different and changeable, ac- V agrees 
ding to the different Places of the Planets in their not with 
bits, at the Points of Station. And therefore be- Ogi, 4 
Iuſe in this Caſe, according to the infinite Varieties Ell ers. 
Poſition of the Earth and Planets in their Orbits, Let. 

re will be [likewiſe an infinite Variety of Angles, 

cannot be defined by any algebraical Equation ; 

ther can the Problem be univerſally conſtrufted by 

y algebraical Curve of any Kind, although ſome 
thematicians have undertaken to do it. Yet, if 

have the Poſition of a Planet in its proper Or- 

we may find the Poſition of the Earth in its Or- 

from whence the Planet in that Point will ap- 


follow ſtationary. | | 
ermin For this is a determined Problem, and admits of 
of to Anſwers, for the two Roots of the Equation 


involves the Natute of the Problem. The moſt 
enter iultrious Dr, Halley, hath communicated to me 
following Solution of this Problem; for the un- 


er A Uianding of which, we give the following Lemma. 

8, cl HaTEveER the Form of the Earth and Planets 
ting es may be, if from their Places in the Times of 
ke An there be drawn Tangents to the Orbits, and 
the Peuced till they meet, the Portions of thoſe Tan- 


d, intercepted by theit mutual Concourſe, are 
requßortional to the abſolute Velocities of the Earth 
jr Orb Planets, | . 
IT FG and AH be two Portions of the Or- 
Which the Earth and Planet deſcribe; A B and 
A a | CD 
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Lecture CD two infinitely ſmall Portions of them, deſerly 
XXVII. in the ſame Time, when the Planet is ftationy 
Draw the Lines CE and AE touching the Omg 


Table 
XXV. 


Fig. 5. 


Table 
. 
Fig. 6. 


Tangents Bb, Bd, and produce them till they Mt 
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and meeting in E. And becauſe the Planet i; f 
tionary, BD and AC will be parallel: And te 
fore by the 2d Prop. El. VI. CD: AB:: CE: A 
But CD and A B, ſince they are Portions cf g 
Orbits deſcribed in the ſame Time, are as the % 
cities of the Earth and Planet: Therefore the T 
gents CE and AE are as the Velocities. Th 
Theorem is Mr. Jahn Bernoulli's, and is publiſh 
the Berline Acts, and flows immediately from th 
Paralleliſm of the Lines AC, BD: But Mr. hs 
noulli has not given us from thence any Soluim 
the Problem. Dr. Halley's Solution is this, 


PROBLE M. 


To find the Place of the Farth, fm 


which a Planet, ſeen in a given Pin 


of its Orbit, would appear flationar) 


QUPPOSE the Sun at 8, UK LA the Orbit 
the Earth, which we may here ſuppoſe to be d 
cular, x Pa the Orbit of the Planet, P its gn 
Place, Draw V PQ, touching the Orbit in P. 
interſecting the Orbit of the Earth in V and Q; ! 
ſet VQ in R, and on it erect the Perpendicui 
PB, which may be to VR or RQ, as the Ve 
city of the Planet is to the Velocity of the Eu 
At the Center R, upon the Diameter V Q, 4 
ſcribe the Semicircle Vd Q, to which draw 1 4 

| 


with V Q produced in '& and T; draw R Re Day, t 

take EK equal b T, and T L equal to 4 J. wo ien. 

I fay the Points K and Lare what are to be i df * 
Meir 


For, becauſe of the equiangular Triangles R 1 
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BPZ, SP:PB::E£K:Rb or RV, and by alter- Lecture 


tion tion of Proportion, 2 P: r K:: PB: RV; but XXVII. 
O Conftruction, PB is to RV, as the Velocity fr 
t b b e Planet is to the Velocity of the Earth; and x 

ouches the Semicircle in þ ; wherefore its Square is 


qual to the Rectangle V2 Q, by Prop. 36 Elem, III. 
And v K is equal to £65; therefore 2 K will touch 


ie be Orbit of the Earth in the Point K, by 37 Prop. 
ie T lm, III; therefore the Tangents of both Orbits 
. p and 2 K are as the Velocities, and therefore 
liſhed | Planet in P will appear ſtationary when the Earth 
rom ls in K. In the fame Manner it may be ſhewed, 


hat the right Lines PT and LT are, as the Ve- 
cities, and that L T touches the Orbit of the Earth 
WL, Laſtly, the Lines SK S L being drawn will 
Whew the Places of the Earth ſeen from the Sun, and 
he Angles KSP LSP are the Commutations. 
and if the Line S A be the Line of the Ap/ides of 
e Earth's Orbit, K SA and LSA, will be the 
Angles of the true Anomaly ; and conſequently, if 
ny Error be committed in ſuppoſing the Earth's 
elocity, it can be moſt accurately corrected by 
aving the true Anomaly. 

Ir is a Problem of a very different Kind to define 
the Time when a Planet is to be ſtationary, and its 
dolution cannot be had from common Geometry; yet 


Orbit be aforeſaid Dr. Halley, by an indirect Method, and 
o be d Approximation has ſhewed how to find it. It is 
its g follows: 

n 11 * ; | 
1 Q; WW HEN the Time of a Station is to be accurately 


determined. 


HAvInG by the former Conſtruction, or a rude 
aculation, or even from an Ephemeris, found out 
be Day of the Station, find out by the moſt per- 
Mt Astronomical Tables, for the Meridian of that 
Day, the Place of the Sun; as alſo the Planets He- 
 Ticentrick and geocentrick Places, and the Logarithms 
x bu their Dittances from the Sun; and to reduce 
their Motions to the fame Plane, curtate the Di- 
A a 2 ſtance 
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Lecture ſtance of the Planet, and we have the TriangleST? 
XXVII. from the Principles of A/tronomy, where 1 Iſubſt 
- che Sun, T the Earth, and P the Planet. Draw T0 plem 
Ll... a Tangent to the Earth's Orbit, and P Q a Tangen ceſs: 
1 the Planet's Orbit, which meet in Q. Now, if tl: Mete 
S. 8. real Velocities of the Planet and Eorth are as P( ful, 
and T Q or as the Sines of the Angles PT Omen 
TPQ, it is plain that the Planet is then in the Stu \ngl 
tion required; that is, it will be there ſtationary, Js 1 
HAvinG now the Diſtances 8 T, S P, we he NLP 
the Ratio of their real Velocities, or of T t andre | 
For the real mean Velocities of different Planet, Hints 
that is, thoſe Velocities with which at Diſtancs et, t 
equal to half the tranſverſe Axes of the Orbits, thy i. the 
would deſcribe Circles, are in a reciprocal ſubvu- i” of 
* See the plicate Proportion of the Axes, And * the men WR 
Theory. Velocity of any Planet is to its Velocity in any oa ſub: 
Lecture Point P or T, in a ſubduplicate Proportion of h Net 
XXIII. Diſtance from the Sun, to its Diſtance from ü i don 
other Focus of the Ellipſe, which call reſpeQirey nd by 
PF and T F: and putting R for half the tranvere Ent 
Axe of the ſuperior Ellipſe, and r for half the tr. Pre 

verſe Axe of the inferior, and then compounding the WW: 


Ratio's, the Velocity of the inferior Planet will be to ud Lo 
s — ith thy 
that of the ſuperior, or I ? to P as V RxSPxTt iWrrors, 


is to HVrXxST XPF; and therefore we muſt hae Hence 


ready the Logarithm of this Ratio, reduced to th n 
Plane of the Ecliptick. 
FRou the ſame Diſtances we have likewiſe ttt 


Angles STQ and SP Q; for the Radius is to 


the Sine of the Angle S T Q, as /ST xT! 


is to half the conjugate Axis of the Orbit ; and 
likewiſe the Radius is to the Sine of SPQ, 3 


/ SP * PF to half the conjugate Axis of the Pl tion 
net's Orbit; or, which is more readily perform ba 8 
fay, as the Diſtance of the Planet, in its Ap⁰ . M. : 
is to its Diſtance, in the Perihelion, ſo is the Tang Bl in 17 
of half the Angle, by which it is diſtant from the 
Perihelian, to the Tangent of an Angle; which beg 
ſubſtracted 
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ſubſtracted from the foreſaid half, leaves the Com- Lecture 
plement of the Angle SPQ to a Right, or its Ex- XXVII. 
ceſs above a Right, as it happens that this Angle i 
acute or obtuſe, Reduce this Angle, if it is need- 
Ful, to the Plane of the Ecliptick ; and theſe Things 
Peing done, ſubftract the Angle 8 T Q from the 
Ingle S TP, and to the Angle SP Q add the Angle 
PT, and we ſhall have the Angles Q TP and 
OPT ; and if the Sines of theſe Angles have the 
ame Proportion that the real Velocities have in the 
Points T and P, the Eſtimation is right : But if 
jot, take the Difference of the Logarithms of each, 
r the Error of the firſt Poſition, And if the Ra- 
o of the Velocities be leſs than the Ratio of the 
ines, we muſt diminiſh the Angle T SP, by adding 
I ſubſtracting a known mean Angle, ſuch as will 
gree to one Day's Motion; and the contrary is to 
2 done, if the Ratio of the Velocities be greater. 
nd by a Calculation, juſt like the former, ſeek the 
dgarithms of the aforeſaid Ratio's for the Noon of 
e preceding or following Day, as the Caſe re- 
uires, Then compare the Differences of the fore- 
id Logarithms, or the Error of the firſt Poſition 
pith the Error of the ſecond ; and the Sum of the 
tors, if they be of ſeveral Kinds, or their Dit- 
rence if they be of the ſame Sort, will be to 24 
ours, as either of the Errors to the Time between 
e Point of Station, and the Noon on which the 
lumed Error was found, This is plain to thoſe 
:0 underſtand the Rule of Falſe. | 
Is this Manner the Stations of the Planets may 
obtained within a few Minutes, But to take 
y the ſmall Errors which may ariſe, by Reaſon 
e Logarithms do not uniformly increaſe as the 
ime, if any one pleaſes, he may renew the Cal- 
tion, for the Time juſt found out, and which 1s 
y near the Truth, and ſo bring out the true Time 
a Minute; but there is no need of this Correction 
in Mercury or Mars. 


{phelidh 
[angent 
om the 


*h being | 
ſtrate! A3 ron 


358 ASTRONOMICAL. 


Lecture For to make this plainer, we will add an Er. 
XXVII. ample of the Station of Jupiter, which lately hay 
kya pened on November the gth 1717. 


November ꝙth at Noon, | Nov. 10 . 

. 1 N18. gr. ! i 

The mean Anom. of Y 9 10 00 ooo 10 5 0 
Mean Motion of © 7 O 7 7 1 6 


Y Helio, from the 1 of 1 25 11 002 25 1557 


—_ 
© ue from the 1 4 6 28 53 176 29 $40 
wie. Ayn n © 5,720650 5,7 20680 
. Diſt. of Of 
E om 4, 994265 45904180 
Y Geocentrick Place 3 5 4 2803 5 49 
The Angle ST P 113 48 49] 114493 
The Angle SP T 9 53 28 04% 
The Angle ST Q. 89 23 54] 8923% 
The Angle SPQ. 92 41 20] 92 4114 


The Angle PT Q 24 25 42] 25 25 
The Angle TPQ 102 34 48 102 29 4 
* * Ratio of o, 368210 0,6; 


. of t 
"Ln hay 4372912] 0,359 


The Error of the iſt Polit. 0,004702 0,0115h, 
The Error of the 2d Poſit. 0,011 564 


AND becauſe one of theſe Errors does exceed t 
Truth, and the other is deficient from it, (a), 
16266, the Sum of the Errors, is to 4702, {0 8 
Hours to 6 Hours 56 Minutes. Hence we conclu 
the Time of the Station of Jupiter to have be 
Nevember the gth, fix Hours and 56 Minutes 


Noon. N 


/ 
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LECTURE XXVIII. 


e Diviſion of TIME, and its 
Parts. | 


HE Parts of Time are known to all 
Men, being Days, Hours, Weeks, 


is determined by the apparent Motion Day. 
of the Sun from Eaſt to Weſt, and 
and is that Space of Time that flows 
hile the Sun goes from any Meridian, or horary 
ircle, till it arrives to the ſame again. It is called 
Watural, to diſtinguiſh it from that Signification of 
e Word Day, which is oppoſed to Night, and 
phich is called the artificial Day. | 
ALL Nations do not begin their Day alike. The 7he d 
Babylaniant counted the Beginning of their Day from Hrert Be- 
e Sun-riſing. The Jews formerly, and the Athe- ginnirg. of 
ian, from Sun-ſetting, which the 1talians, Auſtrians, tbe Day. 
d Bohemians, do at this Time; ſo that when the 
jun comes to the Weſtern Horizon, they count the 
enty- fourth Hour; and the Hour after the Sun 
$ ſet, they call the firſt Hour. 
THEy who begin their Day at Sun-rifing have 
his Advantage, that their Hours tell them how much 
ime is already gone ſince Sun-rifing ; and they who 
eckon their Hours from Sun-ſetting have this Uſe 
df it, that they know how long it is to Sun-ſetting, 
t they may proportion their Journies and Labours 
| Aa 4 "hor 


Months, and Years. A natural Day A natural 
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Lecture for that Time. 


Hours e- 
ual and 
unequal, 


the natural Day. 


ASTRONOMICAL 


into Aſtronomy, 
Aſtronomers, have followed him therein, 


Europe. 
THERE are two Sorts of Hours, equal and un- 
equal. 


half Quarters, we now generally follow the Aſtram- 
mical Diviſion, and reckon every Hour 60 Minutes, 
in every Minute 60 Seconds, and in every Second 
60 Thirds, &c, 

AN unequal Hour is the twelfth Part of the ar- 
tificial Day, or the twelfth Part of the Night ; and 
it is called the temporary Hour, becauſe at different 
Seaſons of the Year it is of a different Length. For 
a diurnal Hour in the Summer is longer than one in 
the Winter; a Night Hour is ſhorter, But in the 
equinoctial Day, the Hours in the Day and Night 
are equal to each other, and therefore the equal Hours 
are called Eguinoctial. "The Jews and Romans for- 
merly uſed theſe Hours, and the Turks reckon by them 
at this Day, and their Noon always falls upon the 
fixth Hour of the Day. Theſe Hours are alſo cal- 
led planetary Hours, becauſe in every Hour they ſup- 

oled one of the ſeven Planets to preſide over the 
World, and they took it by Turns; ſo that the 
f:4 Hour after Sun-riſing fell on Sunday to the 


Sun, 


But both of them have this Incon. 
XXVIII. venience, that they cannot immediately tell by thei 
. HRours the Times of Mid-day or Mid-night, but the 

muſt compute by the Length of the Day- time, 0 
the Seaſon of the Year; for in different Seaſons the 
Time of Mid-day is reckoned by different Hours, 
The Egyptians antiently began their Day at Mid. 
night, from whom Hipparchus, that antient and fa- 
mous A/tronomer, brought that Way of reckoning 
And Copernicus, and ſome other 
But the 
much greater Part of the Aftronomers have thought it 
better to begin their Day from Noon. Yet the Me. 
thod of Beginning from Mid-night is received in 
Britain, France, Spain, and moſt of the Nations in 


An. equal Hour is the twenty-fourth Part of 
Beſides the Diviſion of Hours re- 
ceived by the Vulgar into half Hours, Quarters, and 


Incon. 
Y thei! 
ut they 
me, or 
ns the 
Hours, 
Mid. 
nd fa. 
koning 

Other 
ut the 
ught it 
1e Me. 
ved in 
ONS in 


1d un- 
Part of 
urs re- 
S, and 
tront- 
nutes, 
zecond 


he ar- 
; and 
ferent 

Far 
ne in 
in the 
Night 
Hours 
s for- 
7 them 
In the 


o cal- 
y ſup- 
r the 
it the 
) tle 


Sun, 


LECTURES. 361 


dun, the next to Venus, the third to Mercury, and Lecture 
the reſt in order to the Moon, Saturn, Jupiter, and XXVIII. 
Mars, By this Means, on the firſt Hour of the 
next Day the Mocn preſided, and on that Account 

gave the Name to that Day; and the Days of the N 
Week by this Method have had their Names from 

the Planet that governed the firſt Hour, till the End 

of the Week. 

A Week is a Syſtem of ſeven Days, in which each A Week, 
Day is diſtinguiſhed by a different Name. The 
Chriſtian Church called the firſt Day of the Week 
the Lord's Day, the Vulgar term it Sunday, and none 
but the Fanaticks of our Time ever called it Sabbath- 
diy. The reſt of the Days of the Week were called 
Feria, Munday the ſecond Feria, Tueſday the third 
Feria, &c. and Saturday they alſo called the Sabbath- 
dy. But the common People uſe the ſame Names 
that were given by the Romans, each Day being de- 
nominated from a Planet, 

A Month is properly that Space of Time the Moon A Month, 
takes to perform its Courſe in the Zadrack, which in 
the Space of a Year it runs over twelve Times. 

There is another Month nearly equal to it, which is 
meaſured by the Motion of the Sun, and is that Space 
of Time in which the Sun moves through one Sign, 
or twelfth Part of the Ecliptick : Theſe Months are 
properly Aftronomical, A Civil Month is different 
from them, and conſiſts of a certain Number of 
Days, fewer or more according to the Laws and Or- 
dinances of the Kingdom or Republick in which 
they are obſerved, The Egyptians made each Month 
to conſiſt of 30 Days, and the Year conſiſting of 5 
Days more than 12 + Sar they added them to the 
End of the Year, and called them Epogamene. 

Tk Year is either A/ftronomical or Civil; both Th, Coil 
Kinds of the Aftronomical Years, viz. the Tropical Year of 
and Periodical, we have already defined in our XXII two Sorts. 
Lecture. The Civil Year is the fame with the Politi- 
cal Year, eſtabliſhed by the Laws of a Country, and 
is of two Kinds, Lunar or Solar, according as it is 

deſigned 


362 ASTRONOMICAL 


Lecture deſigned to be regulated by th 

XXVIII. or Sun, There — two 3 2 8 
77 one moveable, the other fixed: The i - 
„ e pe of twelve ſynodick Months, or of tw ' dh 
wy unations which are completed in 354 Days, is _ 
ter that Time the Year begins again, This Yer * 
leſs than the Solar Vear, which brings back l * 
Seaſons, by eleven Days. And therefore the E 
nings of ſuch Years move through all the Scan by 
and that in the Space of 32 Years : This Form i, 1 
* Year is obſerved by the Turks and Mabametan- 1 
2 fixed Sic twelve Lunations is leſs than a Solar Ver - 
wa by eleven Days, three Lunar Years are leſs than thre = 
r. Solar Years by 33 Days; and therefore, to keep th — 
Months in the ſame Seaſons and Times of oy N * 
lar Year, to the third Year there is a whole Month EO 

added, and it conſiſts of 13 Months: And ti cy 
done as often as is needful to keeping the Be nix © 

of the Year always in the ſame Seaſon And f * 
Month added is called an Embelimean or Intercln _ 

Month, In 19 Years there are ſeven ſuch Month 5 
and this Kind of Lunar Year is called Fixed un alle 
was obſerved by the Greeks, whom the 2 "1 = 
lowed in this Matter till the Times of Julius Caſa ap 

The Solar Tus | Solar Year, which is made conformable 1 - 0 
Year. the Motion of the Sun, is likewiſe of two Kind _— 
moveable and immoveable. The moveable is called is. 
the Egyptlon Year, becauſe obſerved in that Country: E Bl 
And it conſiſts of 365 Days, and is leſs than tl 
tropical Year, in which the Sun runs his Courſe in — 

the Ecliptick by almoſt ſix Hours. By the nag ory 

lecting of theſe ſix Hours, it happens, that four fc th 
Years are leſs than four tropical ſolar Years by a befor 
_— Day. And therefore, in four Times 35 in 
8 that is, in 1460 Years, the Beginning of tic of A 

ears moves through all the Seaſons of the Year, riy 
SINCE therefore an Egyptian Year is lels than 4 te 
* Solar Year, by almoſt ſix Hours; that all the 28 ] 
ears may go on according to the Sun's Motion,! nute 
Yea 


Regard muſt be had to theſe ſix Hours, But it *| 
i requilit 


* 


LECTURES. 


* MoWequiite alſo that the Political Year have always the Lecture 
rs, eme Beginning, and that it commence with the XXVIII. 
> Ye Day; for it would be inconvenient to have the 
twee vear begin ſometimes at one Hour of the Day, ſome- f 


times at another, which would neceſſarily fall out if 
we added to every Year ſix Hours. Now theſe 
Hours, amounting in three Years to eighteen Hours, 
if they be added to the ſix Hours of the fourth Year, 
will make a whole Day : Therefore this Day being 
added to the fourth Year, will reduce it again to be 
even with the Motion of the Sun. Julius Caeſar 
perceiving this, ordered that every fourth Year ſhould 


1 thre MW ave an Intercalary Day, which therefore conſiſts of 
<p te 266 Days, and the Day added is put in the Month 
he &. of February. And becauſe in the common Vear the 
Month 24th of February, in the Reman Way of Reckoning, 


was the ſixth of the Kalends of March, or the ſixth 


innige Day before the Kalends of March, Ceſar ordered 
nd the that for that Year there ſhould be two Sixths, or 
cab that the Sixth of the Kalends of March ſhould be 


twice reckoned ; upon which Account the Year was 
called Biſſextile, which we name the Leap-Year. 
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This Form of a Year was inſtituted by Julius Ceſar, The Julian 


bo was then High-Prieſt among the Romans, and Year. 
ble to was called the Julian Year ; whoſe Nature is, that 

. every fourth Year conſiſts of 366 Days, and the 

c 


other three only of 365. 

BuT it muſt be acknowledged, that the Time 
appointed by Julius Cæſar for the Solar Year is too 
much ; for the Sun finiſhes his Courſe in the Eclip- 
tick in 365 Days, 5 Hours and 49 Minutes, and 
therefore he begins again his Round eleven Minutes 
before the Civil Year is ended. So that if the Sun 
in any Year has entered the Equinox upon the 20th 
of March at Noon-day, after 4 Years he will ar- 
rive at the Equinox 44 Minutes before Noon, and 
the fourth Year after that he will be there x Hour 
28 Min. before Noon; and ſo every Year 11 Mi- 
nutes fooner than by this 8 ſo that in 131 
Vears he will anticipate or enter the Equinox a whole 


Day 
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Lefture Day before the 2oth of March : And therefore j, 
XXVIII. celeſtial Equinox will not always fall upon the fats 
Day of the Month, but by Degrees it will moyen 


The Gre- 
gorian 


Year. 


Time of the true Solar Year, - This Time or fe. 


wards the Beginning of the Year ; and this fo 6, 
ſibly, in Compaſs of Time, that it cannot be doubt 
HENOE in the Time of the Council of M. 
(about which Time the Terms were ſettled for d 
ſerving Eaſter) the vernal Equinox fell upon 6, 
twenty-firſt of March; but the Equinox continu 
falling backwards in the Year, in the Year of Chr 
1582, when the Kalendar was corrected, it was four 
that the Sun entered the equinoctial Circle on g 
Iith of March, and was departed ten whole I 
from its former Place in the Year ; And ther 
when Gregory the XIIIth of that Name, Biſhop d 
Rome, deſigned to place the Equinocties in their fy. 
mer Situation, in reſpect of the Year ; he took tick 
ten Days out of the Kalendar that Year, and d. 
dered that the eleventh of March ſhould be reckon 
as the twenty-firſt : And to prevent the Seaſons 
the Year from going backwards as they did befor, 
he ordained that every hundredth Year, which in tk 
Julian Form was to be a Biſſertile, ſhould be a con- 
mon Year, and conſiſt only of 365 Days ; but be 
-auſe that was too much, every four hundredth ws 
to remain Biſſextile. This new Form of the Ver 
being eſtabliſhed by the Authority of the Biſhop d 
Rome, Gregory XIII. is called by his Name the Gr 
gorian Year, and is received in France, Spain, lah, 
Germany, and in all the Countries where the Pye 
Authority is acknowledged, as likewife lately in f. 
veral where the reformed Religion is obſerved, Ye 
in Britain, and other Northern Countries, the Jula 
Form of the Year i; ſtill retained. 

TRE Perſians obſerve the Egyptian Form of tit 
Years to this Day, whence it is that Equinocties r. 
main not in the fame Month, but move througl 
them all; and after a Period of about 1460 Year, 
the Beginning of their Year falls in with the ſam 


ridl 


Wed 1s 


a 
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4 is called the Great Canicular Year, or the So- Lecture 
aral Period, becauſe it takes its Beginning on the XX VIII. 
t Day of the Month Thoth, or the firſt Day of wy 


t Year, when the Dog-Star riſes heliacally, for The Great 
Word Sothis in the Egyptian Language ſenifles Canicular 


re tte 
- {at : 
Ve to, 
Ye 
1dted 


Dog, which in Greet is called a cg that is, the Year. 
or , iſez-Star, which the A/ronomers name Sirius. 
n Tur Antients not only diſtinguiſhed the Times 


Years, but by ſeveral Revolutions or Collections 
Vears; ſuch was the Jubilee of 49 or 50 Years; 
Age conſiſted of an hundred Years. But among 
» Greeks, the Olympiads were eſteemed the moſt fa- 


nadh 
Chr 


; found 


** dus, each of them containing the Space of four 


As in the Heavens there are certain Points, from The Chri- 
ich the A/tronomers begin their Computations of the „ian Era, 
pnets Motions ; ſo alſo there muſt be certain Points, f 


hop « 
Ir for: 


K thek 


nd « Inſtants of Time, from which as from Roots, all 
ckond culations muſt begin: And all memorable Ac- 
* ns are diſpoſed and recorded, according to the 
befor, ies of Years which follow from that Root. Theſe 
in te Pots are called Epoch's or RAS, from which we 


erally count our Years and Times. The moſt fa- 
dus, beſt known, and moſt uſed by us, is that 
ich is reckoned from the Nativity of our Lord 


» You us, which begins at the Kalends of Fanuary, that 
ſhoy d mediately followed his Birth. 

he Now, although this Epoch is generally received by 
1, Tk iſtians, yet the Engliſh and Iriſþ have an Epoch a 


ole Year poſterior to it, which they commonly 
Ein all Publick and Eccleſiaſtical Affairs: For 
do not begin their Year with the firſt 7 - 
7y that follows the Nativity, but with the Feaſt 
the Conception or Incarnation, which is obſerved 
the 25th of March; and therefore it is, that the 
Qies u. % reckon from the Feaſt of Lady-Day I718, 


throus iP" there are compleated 17 1 Years; but from 
\ Year, Birth of our Lord, to the Feaſt of the Nativity 
he lim the Lear 1717, they number only 1716 Years. 
or fe | elapſed ; 
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Lecture elapſed ; whereas all the reſt of the Chriſtian Woll 
XXVIIL count 1717 Years. 


— ms 


In this Affair they exactly agree with Dini 


The Author ſurnamed The lee, according to whom Chrift is {yy 


of” the 


Era. 


poſed to have been conceived the 8th of the Kalek 
of April, in the firſt Year of this #RA ; and ws 
born the Winter following, at the End of the 40 
Year from the Reformation of the Kalendar by %. 
lius Ceſar, This Way of computing was at jr 
univerſally received; but afterwards, by Degrees ad 
tacitely, all Nations receded from it; fo that it d 
only now take Place in Englaud, and the Dominion 
thereof; and the common Opinion is, that Chr 
was born the Winter preceding the Time that Ds 
nyſius reckoned the Conception to have been; and by 
this means they make Chriſt to have been a Year h. 
fore Dionyſius, the Author of the Ara, ſuppoſed ly 
was born. | 

Bur yet for all this the Exgliſb, for the great 
Part of the Year, deſign it by the ſame Nunher 
that the reſt of the Chriſtian World does: But i 
three Months, viz. from the Kalends of Jaum 
to the 8th of the Kalends of April, they write ant 
leſs. | 

TERRE is likewiſe the Epocha of the Creatm, 
which is much noted, yet about it there are gat 
Controverſies among the Chronologi/ts ; ſome athun- 
ing, that the World was created 3950 Years belve 
the Birth of Chriſt; others again ſay, that at tit 
Birth of Chriſt the Age of the World was 300 
Years. The Greet Church, and the Emperors d 
the Eaft, uſed an Epocha of the Creation, wh 
was much more antient, and makes the World u 
have been created 550g Years before the Com 
of Chriſt. 

AMONG the prophane Authors the antienteſt Ex 
cha is that of the Ohmpiads, which begun at 1 
Summer of the Year 777, preceding the Birth © 
Chrift, and on the Kalends of Zu. Ta 


. 
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ing to the firſt, the City was built the Year before 
Chriſt 753 3 according to the other, it was in the 
Year 7 52. 
| Tus ra of Nabimaſſer has always been famous 
among the Aſtronomers, and began on the 6th of Fe- 
bruary of the Fulian Year carried backward, and 
before Chri/t 747. And becauſe that Day was then 
the firſt of the Egyptian Year, Ptolemy," and after 
ninions MW him Copernicus, computed the Motion of the Stars, 
Cirit according to that Ara, by Egyptian Years ; for the 
at Di RY Eryptian Year is very convenient for Aſtronomical 
and h Calculations, it being interrupted by no intercalary 
ear be BY 2's. | 
After this, we have another Ep:che of the Death 
of Alexander the Great, the three hundred and 
twenty-fourth Year before Chriſt, on the 12th of 
November, which was then the firſt Day of the 
Eryptian Year. Theon, Albategnius, and ſome others, 
have computed from thence according to the Egyp- 
Jian Year. Between the two Ara's of Nalonaſſer, 
and of the Death of Alexander, there are preciſely 
424 Egyptian Years, The Abiſſines reckon by another 
Era, which is called the Era of the Martyrs or of 
Diocleſian. The Turks and Arabians reckon by an 
Ara, which they call the Hegira, which takes its 
Beginning from the Flight of Mabomet. The Per- 
frans have likewiſe an Epoch, which they eall Jeſde- 
gird; all which are explained by the Chronotogi/ts. But 
the Julian Period feems to be the moft uſeful and 
convenient of all, it including almoſt all other Æra's 
within it, and it is a Period of 7980 Years ; which 
Number is compoſed by the Multiplication of the 
three Numbers, 15, 19, and 28, The firſt is the 
cle of the Indiction, the ſecond is the Metonicſ 
Cycle of the Moon, and the third is the Cycle of the 
dun. And the firſt Year of this Period was that 
wherein all theſe three Cycles began together, I will 
here 


Tas Epoch of Rome, or of the Building of the Lecture 
City, is not long after the Olymprads, and there are XXVIII. 
two of them, the YVarronian and Capitolian; accord 
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Lecture here add a Table, which gives the firſt Year of ty 
XXVIII. ſeveral Ara's, and reduces them to the Years of th 
2 Julian Period, and to the Years before or after thy 

irth of Chriſt. 


Y, ears | Year; of 


before | the Jula 


| | | Chriſt, | Period 
The Creation of the World accord- 08 
ing to the Greek Emperors, 55 
The Common Era of the Creation, 3950 | 765 
The Beginning 7 Ohmpiads, 776 | 3938 
The Building of Rome, accordin 
to Varro, , ; > F 753 390 
The Building of Rome, ardeg | 
to the Regiſters of the Capitol, 


E 


752 3% 


The Ara of Nabonaſſar, 747 3967 erſity 
The Death of Alexander the Great, 324 | 4390 dution 
Y, ears þtter 
. after ing a 
Chriſt. \ the 
The common Chriſtian Epoch, I | 4714 * 
The Diocleſian ra, 284 | 4997 "ſt 
The Hegira of the Turks, 622 | 5335 
The Feſdegird of the Perſians, | 632 | 5345 
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LECTURE XXIX. 
/ the Kalendars. Of Cyeles and Periods. 


ASH HE Kalendar is a Table, in which are The Ka- 

Seek 2) ſet down all the Days of the Year in a lendar. 

| T 8} rezular Diſpoſition, according to their 
ITN) Months, with a Diſtribution of them 

nde Weeks: The Vigils, Holy-days 

and Law-days, together with the Uni- 

erfity Terms, are likewiſe annexed. The Diſtri- 

ution of Days into Weeks is made by the ſeven firſt 

tters of the Alphabet, ABCDEF G. Begin- , Domi- 

ing at the firſt of January, to it place the Letter A; nical Ler- 

o the ſecond of January B is joined; to the third C, ters. 

nd ſo on to the ſeventh, where G is figured: And 

hen again beginning with A, which is placed at the 

chth Day, B will be at the ninth, C at the tenth ; 

nd ſo continually repeating the Series of theſe ſeven 

Letters, each Day of the Year has one of thoſe 

Letters in the Kalendar. By this Means the laſt of 

December has the Letter A joined to it. For if the 

365 Days which are in a Year be divided by ſeven, 

ye ſhall have 52 Weeks and one Day over. If 

here had been no Day over, all the Years would 

onſtantly begin on the ſame Day of the Week, 

d each Day of a Month would conſtantly have 

allen upon the ſame Day of the Week. But now, 

cauſe, beſides the 52 Weeks in the Year, there is 

ne Day more, from thence it happens, that on 

hatever Day of the Week the Year begins, it ends 

pon the ſame Day, and the next Year begins with 

e following Day, For Example, in a — | 

car 
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Lecture Year of 365 Days, if the Year begin on a 8 
XXIX. it will end on a Sunday, and the firſt Day of the ws 
Ver will be Monday. | 


Tus Letters being ranked in this Order, ty 
Letter which anſwers to the firſt Sunday of Jani 
in a common Year, will ſhew all the Sundays throug, 
out the Year ; and to whatever Days in the ref i 
the Months that Letter is put, theſe Days are 4 
Sundays; and therefore that Letter is called the D, 
minical or Sunday Letter of that Year. So alfo why. 
ever Letter is joined to the firſt Monday in Fanun, 
the ſame, as often as it is repeated in the Kalzig, 
ſhews the Mondays throughout the Year, 

Ir the firſt Day of January be a Sunday, the lf 
Day of the Year, as I have ſaid, will likewiſe te 
Sunday; and therefore the next Year will begin a 
Monday, and the Sunday will fall on the feventh Dy, 
to which is annexed the Letter G, which therefe 
will be the Sunday Letter for all that Year : And 
fince the Year began on Monday, it will alſo end u 
that Day; and the following Year will begin on! 
Tueſday, and the firſt Sunday will fall upon the fix 
of January, to which Day is adjoined the Letter , 
which is the Sunday Letter for that Year, Andin 
the ſame Manner for the Year next following, the 
Dominical Letter will be E: By this Means the Su- 
day Letters will go in a retrograde Order by GFE 
DCBA. In the yearly Kalendars, which we al 
Almanacks, which is an Arabick Word, the Domini 
cal Letter, to diſtinguiſh it the better, is made: 
Capital, and all the reſt are of a fmaller Form. by 
this Means, at one View, we ſhall ſee all the Su- 
days in the Year. 

Ir all the Years were Egyptian Years of 365 Da 
after a Period of ſeven Years, the ſame Days of tie 
Month would return to fall on the ſame Days of the 
Week. But we obſerving the Julian Year, when 
every fourth is Biſſextile, or conſiſts of 366 Das 
in which, beſides the 52 Weeks, there are two Day 
over; if that Year ſhould begin with a Sunda, " 
: Wis 
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will end on a Monday, and the next Year will be- Lecture 
vin on Tueſday; and the firſt Sunday of that Year XXIX. 
wil be on the fixth of Famary, to which is an 
nexed the Letter F „Which will be the Deminical 
Letter for the Year following that Leap-year, whoſe 
Daninical Letter was A. | 

By this Means the Bifſexrile Year every 
fourth Year, the Series of the Deminical Letters, ſuc- 
ceeding each other, is interrupted, ahd does not re- 
turn in Order till after four times ſeven, or twenty- 
eight Years, Hence ariſeth the Cycle of 28 Years, | 
which is called the Cycle of the Sun; which being The Cycle 
completed, the Days of the Months return in the A #4 Sun, 
ſame Order to the fame Days of the Week. In this 
Cycle all the Biſſextile Years have two Dommical Let- 
ters, the firſt of which takes Place till the 24th or 


[25th of February, and the other ſerves for all the 


teſt of the Lear; for in the Biſſextile Year the 
24th and 25th of February are eſteemed as one and 
the ſame Day, and both of them have the ſame 
Letter F annexed to them, and by this the Order 
of the Sunday Letter is interrupted, For Example, 
If in the Beginning of the Yeat the Sunday Letter is 
E, the 24th of February will fall upon a Monday, 
and the 25th on a Tueſday, both which Days are 
marked with the Lettet F ; and therefore the follow- 


ing Letter G, which ſhewed the Tue/days before, 


will now point out the Vedneſdays; and the next 
Sunday will fall upon the ſixth of March, to which, 
in the Kalendar, is annexed the Letter D, which 
will point out the Sundays ſor all the reſt of the 
Vear, and then becomes the Dominical Letter. 

Tux firſt Year of the Cycle of the Sun is 2 B 
ſextile, and the Dominical Letters, anſwering to it, 
are G and F. For the ſecond Year the Sunday Let- 
ter is E, for the third D, the fourth C; and again, 
the fifth Year of the Cycle being a Biſrtile, has two 
Deminical Letters B and A; and fo in the reft. 
The following ſmall Table ſhews what Dominical 
Letter belongs to each Year of the Cycle. 

B b 2 x 


The move- 
able Feaſts. 


The Feaſt 
of Eaſter, 
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— 


To find the Year of the Cycle of the Sun fir ay 
Year of the Chriſtian ra; To the current Year d 
Chrift add q, becauſe from the Beginning of the 
Cyle, till the firſt Year of Chriſt, there were 9 Ven 
paſt : Divide the Sum by 28, the Quotient ſhew 
the Number of Cycles, that have revolved ſince the 
firſt Year before Chr:/?, till the current Year ; and 
the Remainder, if there be any, is the current Yer 
of the Cycle; but if there be no Remainder, the 
28 is the current Year of the ſolar Cycle. 
BEsID Es the fixed and ſettled Feaſts, which ar 
always. on certain and determined Days of the Ye, 
there are other Feaſts and Holydays which are more. 
able, and in different Years fall upon different Day 
of the Month, and ſometimes in different Months: 
Theſe Holydays are not regulated by the. Motion of 
the Sun, but by that of the Moon : Such was the 
Feaſt of the Paſſover, inſtituted by God himſelf, for 
the Jews to obſerve, and is ſucceeded by the Chriſta 
Eafter, in Memory of our Saviour's Reſurrection. 
God ordained that the Paſſover ſhould be celebrated 
in the firſt Month, the 14th Day of the Month 2 
Even. See Leviticus, Chap. XIII. Now the Jew 
Year was a Lunar Year, and fo ordered by interci- 
lary Months, that the Month, whoſe fourteenth Day, 
or whoſe Full Moon, fell either on the Vernal Equ- 
nox, or next after it, was reckoned the firſt Monti 
of the Year, The Chriſtian Church was willing to 
obſerve the ſame Method in celebrating of Eater. 
But yet, to diſtinguiſh it from the Few:/h Paſſover, 
would not keep the Feaſt on the 14th Day, but on 
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he Sunday after, becauſe our Lord roſe upon the Sun- 
y after the Jetoiſp Paſſover, 


| 


elebration of Haſter, we muſt define the Time of 
e Equinox, which was believed to be fixed to the 
wenty-firſt of March, and the Fathers thought it 
Pould never happen on any other Day, and therefore 
hey made their Kalendar upon that Suppoſition. Then 
hey called that the Paſchal or firſt Month, whoſe 
4th Day, or Full Moon, fell on the equinoQtial 


of the Day, that is, on the 21ſt of March, or next fol- 
Yen sed the 21ſt of March. But becauſe the Fewiſh 
hy onths were Lunar Months, the 14th Day imme- 


ately preceeded the Full Moon ; therefore, for the 
ime of the Obſervation of Eaſter, we muſt have a 
Meeard to the Motion of the Moon, and the Times 


, then f New Moons and Full Moons muſt be found. 
he Jes had no other Way of finding the New 
3 oon, but by obſerving it; and when the Moon 
cal, 


rſt appeared to emerge out of the Sun's Rays, or to 
iſe in the Evening heliacally, that Day they called 
he firſt Day of the Moon or Month. The Chriſtian 
hurch computed their Lunations by the Metonicł 
ycle of 19 Years; and therefore they inſerted this 
cle in their Kalendars, and called its Numbers the 
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THEREFORE for determining the Time for tb: 


1. primes or Gold- numbers, by which they determined 
y ee Times of the Lunations. 
3 Tur Metonick Cycle, called ſo from its Inventor The Cycle 


Period of 19 Years, which when they are com- 
leated, the New Moons and Full Moons return on 
e ſame Days of the Month; ſo that on whatever 
Days the New and Full Moons fall this Year, 19 
| ears hence they will happen on the very ſame Days 
f the Months as MMeton and the Fathers of the Pri- 


nitive Church thought. And therefore at the Time 
the Council of Nice, when the Way of ſettling 
he Time for obſerving the Feaſt of Eaſter was 
ſtabliſhed, the Numbers of the Lunar Cycle were 


ſerted in the Kalendar, which upon the Account of 
B b 3 their 


ttm, is alſo termed the Cycle of the Moon, and is / he 


oon, or 


the Me- 
tonick 
Cycle. 
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Lecture their excellent Uſe were ſet in Golden Letters, 2 
XXIX. the Year of the Cycle for any Year was called d 
k—y— Golden Number of that Year. 

THE Golden Numbers were placed in the J. 
lendar according to the following Method; tali 
any Year for the Beginning of the Cycle, which the 
reckoned by the Number 1, and obſerving ax 
Month the Days on which the New Moons h 

ned that Year, juſt by thoſe. Days they joined t 
* 1. And becauſe in that Year the N 
Moons happened on the twenty-third of Jama 
the twenty-firſt of February, the twenty-third ( 
March, the twenty-firſt of April, the twenty- in 
of May, the nineteenth of June, and fo in the n 
juſt by thoſe Days in the Column of the Gold 
Number they put the Number 1. The ſecond Ya 
obſerving: the New. Moons, to the Days on. whi 
they happened they inſcribed the Number 2, b. 
the twelfth of January, the tenth of February, th 
twelfth of March, and tenth of April, and ſo oni 
the reſt of the Months, The fame Thing was dat 
the third Year, annexing the Number 3 to all 
Days the Moon changed in that Year ; and, ſo ont 
the following Years till the whole Period of 19 Yer 
was compleated. But the moſt accurate Diſpoſit 
of. the Golden Numbers is by the mean Lunation 
as they are ſet down in the Aſtronomical Tables, i 
every Month and each Year of the Lunar Cy 
and fixing, according to that Computation, the Cit 
racer of the Year to each Day on which the Lu 
tion happens, : | 

BeCAvsE a lunar Afronomical Month conſiſts a 
29 Days, 12 Hours, 44 Minutes and 3 Seconds; Us 
common People, who cannot diſtinguiſh the ſa 
Particles of Time, make the Lunar Months 
conſiſt of intire Days without Fractions, and ® 
that Account they alternately put one Month of f 
Days, and the next of 29 Days. Theſe are call 
Hollow) or Cave, that is, deficient Months, * 
others Full ; the 12 Hours over the 29 Days, my 
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ill make up à whole Day, which is to be added to 
hollow Month; and by this Means the Lunations 
the Kalendar will nearly agree with thoſe of the 
eavens. 
lx we know the Year of the Lunar Cycle, which 
our Liturgy is called the Prime, we have the Days 
the Moon's Change throughout the Vear; for in 
ach Month, the Golden Number or Prime is ſet 
> the Day the Change happens on; and adding to 
at 14 Days, we ſhall have the Day of Full 
oon. 
Tux Antients imagined that the Cycle of 19 
Tears did exactly compleat 235 Lunations; and 
herefore, after the Revolution of that Time, that 
e New Moons not only fell on the ſame Days of 
he Month, but likewiſe on the ſame Hours of the 
Day, which is not true; for in 19 Julian Years 
ere are 6939 Days, and 18 Hours. But if to 
very Lunation we allow 29 Days, 12 Hours, 44 
Minutes, 3 Seconds, which the Motion of the Moon 
equires ; 235 Lunations will make 6939 Days, 16 
ours, 31 Minutes, and 45 Seconds, Therefore 
235 Lunations are not equal to 19 Julian Years, 
but are leſs by one Hour and an half. And conſe- 
ently the New Moons, after 19 Years, will not 
eturn to the fame Hour, but will be an Hour and 
| half ſooner, and in 304 Years they will anticipate 
Þ whole Day. And therefore the Golden Number 
ill, preciſely enough for common Uſe, ſhew the 
Lunations in the Space of three Centuries, without 
the Error of one Day. In the Council of Nice, 
hen the Cycle of the Moon was fitted to the Ka- 
þendar, and ſome Centuries aftorwards, it did nearly 
enough give the Time of the New- Moons. But 
the Lunations in every 304 Years anticipating 2 
whole Day, they now happen almoſt five Days 
looner than they ſhould do, according to the Rule of 
| Bb4 the 


Alternat ion: But becauſe: there are 44 Minutes Lecture 
ides, which is almoſt three Quarters of an Hour, XXIX. 
every Lunation ; in 32 Lunations theſe Minutes 


Lecture the Golden Number: Notwithſtanding of this, | 
XXIX. Church of England retains the Way of computing 
== the Lunations by the Golden Number, as it was dif 
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then it 
at the © 


poſed in the Kalendar at the Time of the Ma eſtion. 


Council ; and the New Moons, computed in th 
Manner, are called Eccleſiaſtical New Moons, 9 
diſtinguiſh them from the true ones, in the Heaven: 
And the general Table or Rule for finding Er 
for ever, which is in our Liturgy, by the Golda 
Number and Dominical Letter, is made accord led by 
to that Difpoſition of the Golden Number, ; 

In the firſt Year of the Chriſtian ra, 2 was the 
Golden Number ; and therefore, if to the current 
Year of Chriſt we add 1, and divide the Sum by 19, WWW *— 7 
the Remainder, after the Quotient, will give th 
Golden Number. 

FRou the Cycles of the Sun and Moon multiplied 
into one another, ariſes a third Period of 5 32 Year, 
which is called the Victorian or Dionyſian Period: And 
after the Completion of this Period, not only the New 
and Full Moons return to the ſame Days of the Month, 
but alſo the Days of the Months return to the fame 
Days of the Week; and therefore the Dominical Letten 
and the moveable Feaſts return again in the ſame Order, 
Hence this Cycle is called the great Paſchal Cycle. 

To find the Year of the Dionyſian Period for any 
Year of Chri/t, to the current Year add the Number 
457, and divide the Sum by 532, the Remainder, 
after the Quotient, is the Year of the Period. uſt 

IT is a Problem of another Kind: Having ile 
Cycles of the Sun and Moon, to find the Near if 
the Dionyſian Period. For Example, ſuppoſe the 
Year of the Cycle of the Moon to be 17, and of 
the Sun 21: To ſolve this Problem, it is te- 
quired to find a Number, which, when it is di- 
vided by 19,. leaves 17, and when it is divided by 
28, leaves 21, To find this let it be required 
to find two Numbers, one of which will divide exact. 
ly by 28, without a Remainder, but when it is di- 
vided by 19, leaves 17; and another Number, wa 

1 & Wi 
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queſtion. 
We will here ſhew the analytical Inveſtigation 
f theſe two Numbers, We will ſuppoſe the firſt 
umber to be 28 x, for it is a Multiple of 28; 
4 becauſe this Number, divided by 19, leaves 
7; if we take 17 from it, the Remainder, di- 
ded by 19, will be a Number; ſince then 19 di- 
Ws 28 x — 17, and it alſo divides 19 x, there- 
vas tie re it will divide their which is 
current 17 
by 19, | 
ve the 


15 a Number. 


x—173 conſequently 2 In 


il! that Number u, conſequently ꝙ x — 17 = 19 n, 


192 + 17 


Itiplied a hz 2.19.8 + 17, and c.= 


Year, 9 

: And d becauſe x is an intire Number, 9 muſt divide 
Pa n+ 17, but 9 divides 18 » + q; therefore it 
on 


ill divide the Remainder » + 8, and therefore 
— is a Number. Let that Number be 1, and 


> ſame 
Letten 
Order, 
le, 


will be = 1, and x = 4; conſequently, 
dx = 112 = to the firſt Number to be found. 
ippoſe the ſecond Number to be 19 y; for it 


inder, 13 
uſt be a Multiple of 19 ; therefore 22 75 

10 the | 8 

£ of an integer Number; ſuppoſe it to be n; then 

ſe the 3 28 n + 21 hich 

nd of WJ 21 = 28 u, andy = — 7 „Which, 


uſt likewiſe be an intire Number; and therefore 
n 21, will be divided by 19: But 19 divides 
hn +19; wherefore it will divide the Remainder 


1+ 2, and 2215 ” is an intire Number; ſuppoſe 


I9þ— 2 


z thenisgn + 2= 19 p, and n = — 5 


therefore 


— 
m4 — — — 


"11 divide exactly, without a Remainder by I9, but 4 
hen it is divided by 28, leaves 21: It is plain, XXIX. 
at the Sum of theſe two Numbers will anſwer tber 
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Ferre therefore 9 muſt divide 19 p— 2; but it divida 


18 p, therefore it muſt alſo divide p — 2, and 2? 
9 


is an Integer or o: Let it be equal to o, then is p 
— =1n= 4, and 195 28 n+ 212 
133; therefore one of the Numbers is 112, and the 
other is 133, whoſe Sum is 245, the Number requir'd: 
And whenever the Cycle of the Sun is 21, and that of 
the Moon 17, the Year of the Dionyſian Period is 245, 
Tux ſame Problem may be otherwiſe folvet, 
by ſtated and conſtant Multiplicators, which ar: 
ſuch, that one of them can be divided by 28, 
without any Remainder ; but if it be divided 
19, there remains 1: The other will divide by 19 
without a Remainder ; but when it is divided by 
28, there is a Remainder of 1: Such Numbers are 
found in the ſame Way, as the preceding Num- 
bers were; viz. I ſuppoſe the firſt to * 28 x, * the 
other 19 ; wherefore 19 will divide the Number 
28 x — 1, without any Remainder; and therefore it 
will divide 9 x — 1 without a Remainder, and 


22 will be a whole Number : Suppoſe it equi 


and 


is an in- 


to n; then x = 2 21 . : therefore — — - 


tire Number, and the leaſt Number CS can be 
put for 1 is 8: Let therefore »= 8, and x, being 
= 2:22, muſt be 17 ; therefore the fir 


Number, being 28 , will be 476. 


Again, let 
1898221 -- 28 2 ＋ T. ſe 
„ my then y = "" fupps 


rt — pz then IS = = and 5 is ei- 
ther a whole Number or nothing; let p — 1= © 


—— 2 25 and 195 28 


and p 1; then n 
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+ 12257. Therefore the two Numbers that were Lecture 
to be found are 476 and 57: And becauſe the Num- XXIX. 
ber 476, divided by 19, leaves 1, if it be multiplied Wyn_d 
by any Number leſs than 19, and the Product be di- 
vided by 19, there will remain the Number which 
multiplies it. In like Manner, becauſe 57, divided 
by 28, leaves 1, if 57 be multiplied by any Num- 
ber leſs than 28, and the Product be divided by 28, 
there will be left that Number which multiplied 57. 
Hence we draw this general Rule for finding the 
Vear of the Dionyſian Period. Multiply the Cycle of 
the Sun by 57, and the Cycle of the Moon by 476; 
divide the Sum of the Products by 532, the Re- 
mainder, after the Quotient, will be the Year of 
the Diamſian Period. | 
BesiDxs the Cycles of the Sun and Moon, there The Cycle 
is another Period of Years, which is called the Cycle Hidic- 
of Indictions, which the Romans uſed, and has no ens. 
Connection with the celeſtial Motions, but is a Re- 
volution of 15 Years, which being compleated, it 
begins again. It is frequently mentioned in the In- 
perial and Pontifical Diploma s. The Year before the 
Birth of Chriſt the Indiction was 3; and therefore, 
if to the Year of Chriſt you add 3, and divide the 
Sum by 15, the Remainder ſhews the Year of the 
Indiction. If there be no Remainder, the Indiction 
is 15. . 
be OF theſe three Cycles of the Sun, Moon and In- The Julian 
ing diction, by their mutual Multiplication, the — Peridd. 
Period of 7980 Years is compoſed. This Period 
irt i bad its Beginning 764 Years before the Creation, 
1 and is not yet compleated; and therefore it compre- 
hends all other Periods, Cycles and Epoches, and the 
Sole Times of all memorable Actions and Hiſtories. 
There is but one Year in the whole Period which 
has the ſame Numbers for the three Cycles of which 
it is made up; and therefore, if the Hiſtorians had 
o, WY marked: in their Annals the Cycles of each Year, 
there had been no Diſpute about the Time of any 
* WM Action, 
THE 
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Lecture TAE Year before the Birth of Chriſt was ill be 

XXIX. 4713th Yeat of the Julian Period, And therefor, {iſ xample 
if to the current Year of Chriſt we add 47 13, Mie Sun 1 
From the Sum will be the Year of the Julian Period: On th i; mu 
2. ear of contrary, from the Year of the Julian Period ſub. nd 420 
Chrit en tract 47 13, there will remain the Year of the Chi, rs 
Ae ſtian Ara. | he Prod 
From tbe HAYING the Years of the Cycle of the Sun, Moon, 0593! 
Cycles to and Indiction, to find the Year of the Julian Period, . Kemal 
find the THr1s Problem may be ſolved in the ſame Manne e Juli 


Year of as we ſhewed in the like Caſe about the Dionyſian Pe. 
the Julian riod, viz. by finding 3 Numbers, ſuch as the firſt j 
Period. a Multiple of 19 and 15, or of their Product 285 
but being divided by 28, leaves the Number of the 
Cycle of the Sun for a Reſidue, The ſecond Numbe 
muſt be a Multiple of 28 and 15, or of their Pro. 
duct 420; but being divided by 19, leaves the Year 
of the Cycle of the Moon. Laſih, The third muf 
be a Multiple of 28 and 19; but being divided by 
15, leaves the Year of the Indiction: The Sum of 
theſe Numbers, if Jeſs than 7980, is the Year of 
the Julian Period. But if the Sum be bigger, di- 
vide by 7980, and the Remainder will be the Year 
of the Period required, : 
TRE Problem may likewiſe be ſolved by conſtant 
and ſtated Multiplicators, the firſt of which is a 
Multiple of the Number 285 ; but divided by 28, 
leaves 1. The ſecond is a Multiple of 420; but di- 
vided by 19, leaves I for a Reſidue, The third is a 
Multiple of 5323 but being divided by 15, leaves 
for a Remainder 1. Theſe Numbers are to be found 
by the ſame Method we ſhewed in our former Pro- 
blem concerning the Diomſian Period, and are 4845, 
4200, 6916; which being once found, the Canon, 
or Rule for finding the Year of the Fulian Period 
from the Years of the Cycles, is this ; multiply the 
Number 4845 by the Year of the Cycle of the Sun, 
and the Number 4200 by the Year of the Cycle of 
the Moon, likewiſe the Number 6916 by the Year 


of the Indiction. Divide the Sum of theſe * 
i | y 


preſents 


to be t 
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yy 1980, neglecting the Quotient, the Remainder Lecture 


„in be the Year of the Julian Period required, XXX. 
t 'xample : In the Year 1719 the Year of the Cycle or.... 
ee Sun is 19, of the Moon q, and of the Indiction 

„i; multiply 4845 by 19, the Product is 92055 ; 

; nd 4200 being multiplied by 9, the Product is 

i. Wz7 800 ; and laſtly, 6916 being multiplied by 11, 


he Product is 76076. The Sum of the Products is 
v05931 3 which, being divided by 7980, will have 
> Remainder of 6431 Years, which is the Year of 
he Julian Period. 
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„Vn Appendix, containing a Deſcription and 
e both the Globes; together with 
by ſome Spherical Problems that are to be 
of ſolved by a Trigonometrical Calculation. 
1 FR n 5 I F the Things which pertain to the 
.r Wo & Globes, ſome are common to both 


Et Globes, ſome are peculiar to one of 
the two: And thoſe Things that are 
common, are either without the Sur- 
face, or painted on the Surface. With- 
out the Surface of the Globes are to be ſeen, 

FIRST, The two Poles, about which the Globes re- 
volve : The one is the Arctic Pole, named ſo from 
the two Bears that are nigh to it, and is called like- 
wiſe the Septentrienal or North Pole, from the Septem 
Triones, or the ſeven Stars of Charles's Wain : The 


n, {Wether oppoſite to it is called the Antarctic Pole. 
od SECONDLY, The Brazen Meridian, and one Side 
he Nef kit only, which is diſtinguiſhed and divided into 


Degrees, and which, paſſing through the Poles, re- 
preſents the true Meridian; and this Side is always 
ar s be turned to the Eaſt, and the North Pole to the 
&s North. 


. 
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Lecture North. The Meridian is divided into four Quadtatt 
XXX. of go Degrees, two of which are reckoned from that 

part of the Equinoctial that is above the Horizon, 

towards each of the Poles ; the other two Quadrany 
have their. Diviſions of 90 Degrees, beginning at th 
Poles, and ending in the Æquator. 

THIRDLY, Fhe wooden Horizon, whoſe upper 
Side does only repreſent the Horizon, and is dividet 
into ſeveral Circles, the innermoſt of which contain 
the twelve Signs of the Zodiack, diſtinguiſhed by 
their Names and Characters, and each Sign is d. 
vided into 30 Degrees. Next to this are joined two 
Circles, with the Julian and Gregorian Kalendar, 
diſpoſed according to their Months and Days. The 
outermoſt is a Circle with all the Points of the Com- 
paſs, and the Winds, as they are denominated by 
the Seamen, | 

FouRkTHLY, A Braſs Quadrant of Altitude, 
whoſe Edge is divided into Degrees, and is to be 
faſtened to the Meridian at the goth Degree from 
the Horizon ; from which the Degrees are num- 
bered upon it upwards to the Zenith, 

FirFTHLY, The Horary Circle divided into twice 
twelve Hours: The 12th Hour at Noon js upon the 
upper Part of it at the Meridian, and the 22th at 
Night is on the Meridian at the lower Side towards 
the Horizon, The Pole carries round the Hand which 
fhews the Hour, and is in the Center of the Circle: 
The Hours upon the Eaſt Side of the Meridian are 
the Morning Hours; theſe on the Weft Side are the 
Hours after Noon. | 

SIXTHLY, The Mariner's Compaſs is fixed upon 
the Pediment or wooden Frame, which contains the 
Globe, and by it the Globe is put in a right Poſition 
in refpe& of the Points of the Heavens. 

SEVENTHLY, The Semicircle of Pofition, whoſe 
Extremities are fixed to the Points of North and 
South, fo that the Semicircle can be moved freely 
from the Horizan to the Meridian, and may be raiſe 


to any Poſition, Theſe Things we have defer 


whic | 
viati 5 


or So 
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iti are without the Globe. But on the Surfaces are de- Lecture 
hz: WY lincated the Things following: > + © 
on FixsT, The Equinoctial Circle divided into 36ͤ̃— 
* Degrees; the Numbers begin at the vernal Interſec- 
the tion, or at firſt of Y, and are are continued till they 
return to the ſame. 

SECONDLY, The Ecliptick, divided into 12 Signs, 
and each Sign into 30 Degrees, their Names, Cha- 
racters and Order are to be learned; they are, 


Y | 8 II 
Aries, or the Ram. Taurus, or the Bull. Gemini, or 
.S N 
the Twins, -. Cancer, or the Crab. Leo, the Lian. 


= m 
2 the Virgin. Libra, the Balance. Scorpius, the 


I VP 
Scorpion. Sagittarius, the Archer. Capricornus, the 
= 20 
Cat. Aquarius, the Water-bearer, Piſces, the Fiſhes, 


| 
| 
THE Sun in his annual Motion paſſes through the | 
Ecliptick, and if we add to it a broad Space of about | 
eight Degrees on each Side, we have the Zodiack, ] 
in which are the 12 Aſteriſms or Conſtellations, the 
moſt of which have the Likeneſs of ſome living Crea- 
ture, upon which Account the Zodiack has its Name, 
In this broad Circle the Moon and all the Planets per- 
form their Motions : The Ecliptick is to be diſtin- 
guiſned from the Equinoctial Circle by this, that the 
Equinoctial, while the Globe is turned, does always 
upon cut the Meridian and the Horizon in the ſame Points, 
is the But the Ecliptick conſtantly changes its Poſition ; 
ſition ſometimes while the Globe is turning it is high, ſome- 
tunes it is low ; ſometimes it cuts the AEquator and 
whoſe BW the Horizon in one Degree, ſometimes in another. 
h and THyizxDLy, There are two Tropicks of W and W, 
freely which are the Limits or Boundaries of the Sun's De- 
raiſed WW viations from the Equinoctial, either towards North 


cribel I or South, including between them the oblique * 
als 0 
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ASTRONOMICAL, 


1 of the Sun; that is, the Ecliptick, and may be calle 


the outermoſt of the Sun's Parallels. For becauþ 
Day paſſes to a different Degree «| 
the Ecliptick in its annual Motion, that Degree with 
the Sun in it, being carried round the Earth, by the 
diurnal Revolution of the Heavens, will deſcribe 1 
Circle parallel to the Æquator; and then there mu 
be ſo many Parallels, as there are Days from th: 
longeſt to the ſhorteſt ; though the Sun does not re. 
main for a Day in one Point of the Ecliptick, but 
is continually advancing forward; and therefore does 
not deſcribe a perfect Parallel, but rather a ſpiral 
Line : But the Diſtance between each Spire being 
but very ſmall, eſpecially near the Tropicks, we may 
well ſuppoſe the ſingle Revolutions, but eſpecially the 
outermoſt, to be Parallels; which is ſufficient for 
common Uſe, and is moſt convenient. 

FouRTHLY, The two polar Circles, the Arctick 
and Antarctick, which have been explained in our 
VII and XVIII Lefures, Theſe Things we hare 
here mentioned, are common to both Globes, though 
the Ecliptick and the Semicircle of Poſition do pro- 
perly belong only to the celeſtial Globe ; yet they are 
put upon the terreſtrial Globe alſo, that the Phæm- 
mena, which depend upon the Motion of the Sun, 
and the Points or Cuſps of the Houſes, may be 
thereby explained if needful, 

Tos Things which are peculiar or proper to 


one Sort of Globe, are partly ſome Cireles or curve 


Lines ; as in the celeſtial Globe, the two Colures, and 
the Circles of Latitude; in the terreſtrial, the Me- 
ridians, Parallels and Rhumbs ; partly the Repre- 
ſentations in the terreſtrial Globe, of Seas, Iſlands 
and Countries, which we leave to the Geographers 
to deſcribe, In the celeſtial Globe the Figures of the 
Conſtellations are painted, and the Stars repreſented 
in the ſame Order, Magnitude and Poſition they 
have in the Heavens, Theſe we have enumerated in 
our VI Lecture. 


HAvixc 
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HAviNnG deſcribed the Globes, we come now to Lectute 
new their Uſe, which is manifold ; but for our pre- XXX, 
ſent Purpoſe, it is chiefly contained in the following. 


Problems, 8 5 N 

PROBLEM J. Having a Place in the terreſtrial 
Globe, to find its Longitude and Latitude, 

TuRN the Globe till the Place comes to the Meri- 
dian (I mean to the Eaſtern Side of the Braſs Meri- 
dian) ; and the Degree of the Equator, which is 
then under the Meridian, whatever Number it is 
mark'd by, fhews the Longitude of the Place; then 
upon the Meridian, count up from the Equator the 
Degrees mark'd, till you come to the Place, and you 
have the Latitude; which will be North Latitude, if 
the Place be on the North Side; or Southern, if it lies 
upon the Southern Side of the /Equator, | | 
PROBLEM II. Having the Longitude and 
Latitude, to find out the Place on the terreſtrial Globe, 
to whith they belong : Seek in the Aquator the Degree 
of Longitude that is given, and bring it to the Me- 
ridian ; then count from the Æquator on the Me- 
ridian, the Degree of Latitude given, towards the 
Arctick or Antarctick Pole, according as the Latitude 
is either North or South, and under that Degree of 
Latitude lies the Place that was to be found, 
PROBLEM III. To reftify bath Globes, and 
ſet them to a given Latitude or Elevation of the Pole; 
and to apply the Quadrant of Altitude to the Vertical 
Point; and to place the Globes according to the Points 
of the Compaſs, by Help of the Needle. If the Lati- 
tude of the Place be North, raiſe the ArQtick Pole 
above the Horizon ; but for a South Latitude, you 
muſt raiſe the AntarQiick : Then from the elevated 
Pole, count upon the Meridian towards the Horizon, 
the Degrees of the Pole's Elevation ; and that Point 
where the Reckoning ends, bring to the Horizon, 
and then the Globe is adjuſted to a due Elevation, 
Count from the Æquator on the Meridian the Lati- 
tude required, and there will be the Vertex of the 
Place, or the Zenith. To this Point of the Meri- 


Cn faſten the Quadrant of Altitude, with the Screw 
ö | Cc that 
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Lecture that is at the End of it, fo that the Edge of the Qu. 
XXX. drant, which 1s divided into Degrees, may be Join'l 

— to this Point. Laſtly, Turn the whole Frame in 
which the Globe is with its Pediment, till the magnetich 
Needle lie in the Plane of the Meridian, fo that the 
North Point of the Horizon of the Globe be turn 
Northwards ; then will the reſt of the Points on the 
Horizon of the Globe agree with the correſponding 
Points of the Horizon of iy Place. 

\ PROBLEM IV: To find for Day ef th 
Year the Degree or Place of 1 ad in he E AA h 
the Help of the Kalendar, and the Circle of Signs al. 
join d; and then to mark it upon the Ecliptick, Seek in 
the wooden Horizon, the Month and Day given; 
but take care to diſtinguiſh the Julian and Gregorian 
Kalendars, that you may not miſtake the one for the 
other: Then in the innermoſt Circle, which is tle 
Circle of Signs, over-againſt the Day, you will ſe 
the Degree and Sign in which the Sun is that Day, 
In the Ecliptick which is drawn upon the Surface of 
the Globe, ſeek firſt the Sign, and then the Degree cf 
the Sun's Place, The Place of the Sun is more ac- 
curately found out by an Ephemeris, which is made 
for each Year, or elſe it may be calculated by Aftron- 
mical Tables. 

PROBLEMYV. To find the right Aſcenſim ard 
Declination of the Sun, or any Star; and by that Means 
to adjuſt the Hand which points the Hours to the twelfth 
Flour, Bring the Sun's Place in the Ecliptick, found 
by the laſt Problem, to the Meridian, and mark the 
Degree of the Æquator which is then under the Me- 
ridian, that will be the right Aſcenſion of the Sun: 
Then compute from the Equinoctial on the Meridian, 
the Number of Degrees to the Place of the Sun ; they 
will ſhew the Sun's Declination, which will either be 
North or South, as the Sun is on this or the other 
Side of the Equator, When the Place of the Sun i; 
in the Meridian, turn the Hour-hand upwards, till it 
comes to the twelfth Hour at Noon. Afﬀter the ſame 
Manner bring the Place of any fixed Star to the Me. 
ridian, and you ſhall find its right Aſcenſion on the 

Equator, 
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Equator, and its Declination on the Meridian. Ha- Lecture 
ving the Place of the Sun, we ſhew'd how to find its XXX. 
right Aſcenſion and Declination by Trigonometry in u. 
XIX. Lecture. kl 
PROBLEM VI. To find the Meridian Alti- I | 
tude of the Sun, or any fixed Star, by a Quadrant, or 4 
am other Inflrument fit for the Purpoſe. e ſhew'd I! 


ling the Method ef obſerving the Sun's or a Star's Altitude | 
in Lecture XIX. 8 4 
"the PROBLEM VII. Having the Declination and 4 
I. Meridian Altitude of the Sun, or of a fixed Star, to [4 
al. find the Latitude of the Place or Height of the Pole ' 


above the Horizon, The Method of finding the Lati- [| 


en; tude by Obſervation was likewiſe explain'd in Lecture | 

rio! XIX. = 

the PROBLEM VIII. Having the right Aſcen- 1 
tie In of the Sun, and of a fixed Star, to find the Time b 1 
ſee when the Star cubninates er comes to the Meridian. ; 

Jay, SUBTRACT the right Aſcenſion of the Sun from 

e of the right Aſcenſion of the Star, adding, if needful, 

e of 2bo Degrees; and there will remain the Arch of the 

ac Xquator, that has paſſed the Meridian between Noon 

nade and the Time of the Culmination: Turn this Arch 


into Time by dividing the Degrees by 15, and the WW 
Quotient gives the Hours; then multiply the remain- 
ing Degrees by 4, and you have the Minutes ; and 
likewiſe divide the Minutes, which are the Parts of 
eh Degrees, by 15, and the Quotient gives the horary 
und Minutes: And if there be any Minutes of Degrees 
the WF remaining after the Diviſion, multiply them by 4, 
Me- and you have the horary Seconds: The Time made up 
un: of theſe Hours, Minutes and Seconds, ſhews the Mo- 
lian, ment of the Culmination of the Star. 

they PROBLEM IX. Having the Place of the Sun, 
r be or any Star, to find its oblique Aſcenſion and Deſcenſion; 
ther s alſo its Eaftern and Weſtern Amplitude. Bring the 
un 15 Place of the Sun or Star to the Horizon in the Eaſt, 
ill it and mark the Point of the Æquator that riſeth with 
ſame it; it will be its oblique Aſcenſion: Then count from 
Me. me Point of Eaſt upon the Horizon, to the Place of 
1 the the Sun or Star; the Degrees intercepted will be tlie 
ator, | vo. - Eaſtern 


388 ASTRONOMICAL 


Lecture Eaſtern Amplitude. If. you bring the Place of 
XXX, Sun or Star to the Weſtern Side of the Horizon, th 
ways Degree of the Equator which goes down with it, | 
the oblique Deſcenſion; and the Arch of the Horizo 
between the Weſt Point, and the Place of the Sun 
Star, is the Weſtern Amplitude. 
Table IAE Trigonometrical Solution of the Problem 
XXVI,. this: Let HPOP be the Meridian, Q 
Fig. 2, Equator, P the Pole, S the Sun, or Star in the HK 
rizon, whoſe Declination is SR; or the Point e 
Faſt or Weſt, In the right-angled Triangle or R$ 
we have the Side RS the Declination of the Sun 
Star, and the Angle RoyrS, which the Zquats 
makes with the Horizon, and is equal to the Compl: 
ment of the Latitude; whence we ſhall find the Ar 
or R, which is the Aſcenſional Difference of the du 
or Star; which, added to the Right Aſcenſion, « 
ſubtracted from it, according as the Sun or Star is to 
wards the depreſſed or elevated Pole, gives the obliqu 
. Aſcenſion, We ſhall have moreover in the fan 
Triangle, the Arch or S, the Amplitude of the Su 
or Star, 'The Aſcenſional Difference added to a Qu 
drant, or ſubtracted from it, according as the Sun 
Star is towards the elevated or depreſſed Pole, give 
the Semidiurnal Archz which being turned int( 
Time, ſhews the Time of half the Stay of the Suno 
Star above the Horizon, 

PROBLEM X, Having the Aſcenſions of f 
Sun or Star, bath Right and Oblique, to find the ba 
Time of their Stay ahove the Horizon : As alſo t 
Length of Day and Night, and the Time of Sun ris 
and ſetting, Take the Difference of the Oblique an 
Right Aſcenſion, and we ſhall have the Aſcenſion: 
Difference: Convert it into Time, as we ſhew'd 
the VIIIth Problem, which, when the Sun or ot: 
declines to the elevated Pole, is to be added to 
Hours; but if to the depreſſed Pole, it is to be ful 
tracted from ſix Hours; and we ſhall have half t 
Time of the Stay of the Sun or Star above the Ig 
rizon: And its Complement to 12 Hours, is | 


the Time it abides under the Horizon. Half 
. | 
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the Horizon, computed from Midnight, gives the 
Hour of the Sun's riſing ; and the half Time of 
Ithe Sun's Stay above the Horizon being doubled, 
gives the Length of the Day; and the half Time of 
che Stay below the Horizon doubled, gives the Length 
Jof the Night. If you put the Hour-hand to the 
$12th Hour, when the Place of the Sun is in the 
WMeridian, and turn the Globe round, till the Place 
Jof the Sun comes to the Eaſtern Side of the Ho- 
Wrizon, the Hand will point out the Hour of Sun- 
Wriſing : Bring it to the Weſtern Side of the Hori- 
on, and the Hand will ſhew the Time of Sun-ſet- 
Wing; from which it is eaſy to compute the Length of 
Day and Night. 
PROBLEM XI. Having the Time of the Cul- 
Sn:nation of a Star, and of its half Stay above the 
WHorizon ; to find the Hour of its riſing and ſetting, 
If from the Time of the Star's Culmination, you 
ubtract the Time of the half Stay above the Hori- 
Won, you will have the Hour wherein the Star riſeth: 
If you add that Time to the Time of the Culmi- 
nation, you ſhall have the Time of the Star's ſet- 
ing, which in both Caſes is computed from Mid- 
Jay. Or if, when the Place of the Sun culminates, 
Pou bring the Hour-hand to the 12th Hour, and 
then turn round the Globe, *till the Star comes to 
the Eaſtern or Weſtern Side of the Horizon, the 
land will point to the Hour of the Riſing or Set- 
Fting of the Star. | 
. PROBLEM XII. To find the Degree of the 
WE cliptick, which riſes or ſets with a given Star ; 
and from thence to. determine its Coſmical and Achre- 
cat riſing and ſetting. - Bring the given Star to the 
Eaſtern or Weſtern Side of the Horizon, and mark 
That Degree of the Ecliptick riſes or ſets with it ; 
hen in the wooden Horizon look for that Sign 
$1d Degree which roſe or ſet with the Star; and 
er-againſt it in the Kalendar, you will find the 


Time of the Sun's Stay above the Horizon, being Lecture 
computed from Noon, gives the Time of Sun ſet- XXX. 
ting; and half the Time of the Sun's Stay unde 
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Lecture Month and Day of the coſmical Riſing of the Star 


XXX. 


And if you look in the fame Horizon, the Point op- 


LA poſite to the riſing Point; over-againſt it in the Ka. 


Table 
XXVI. 


Fig. 3. 


lendar, you ſhall have the Month and Day of it; 
coſmical Setting. So likewiſe, over-againſt the De- 
gree that ſets with the Star, you will find the Day 
and Month of the achronical Setting; and the oppo- 
fite Degree will ſhew in the Kalendar the Day and 
Month of the Star's achronical Riſing. 

THE Trigonemetrical Solution of the Problem i; 
this: Let HO be the Horizon, HZ © the Meri. 
dian, Q the Aquator, E C the Ecliptick, V the 
Point of Interſection of the Equator and Ecliptick ; 
A the Point of the Ecliptick which riſes with the 
Star; and the Point of the Æquator which riſes with 
the Star, ſuppoſe to be o r. In the Triangle Y or 
A, we have Y or the oblique Aſcenſion of the 
Star; and the Angle V, the Inclination of the qua- 
tor and Ecliptick; and the Angle Vor A, tte 


Height of the Aquator above the Horizon, or its 


Complement to two right Angles. Hence we hall 
find the Arch of the Ecliptick Y A, and the Point 
of it A, which riſes with the Star. But by the 
Kalendar, or an Ephemeris, we have the Time when 
the Sun is in that Point; and therefore, we have 
the Time when the Star rifes coſmically; we have 
likewiſe the Angle Y Aor the Angle of the Eclip- 
tick and the Horizon at the riſing Point. When the 
Sun is in the Point oppoſite to the Point A, then 
the Star riſes achronically : And by a like Calculation 
we ſhall find the Time when the Star ſets coſmically 
or achronically. | 

| PROBLE M XII. Having the Latitude of th: 
Place, and the Degre F4 the Ecliptick which riſes er 
ſets with the Star, to determine the heliacal Riſing er 
Setting of a Star. Bring the Star to the Eaſtern vice 
of the Horizon, and turn the Quadrant of Altitude 
round to the Weſtern Side, till it cut the Ecliptick 
in the twelfth Degree from the Horizon, on th 
Quadrant of Altitude, if the Star be of the firl 
Magnitude, Then mark the Point of the Ecliptc: 

5 whe 


LECTURES. 


391 


where the Quadrant interſects it; that Point, when Lecture 
the Star riſes, is twelve Degrees ligh above the XXX. 


Weſtern Horizon, but at the fame time the oppoſite 


Point is twelve Degrees below the Eaſtern Horizon: 
Look that Point in the wooden Horizon, and over- 
againſt it you will find the Month and Day when the 
Sun enters that Point of the Ecliptick, which is the 
Day of the Star's riſing heliacally; when it begins to 
get ſo far from the Sun's Beams, that it may be ſeen 
in the Morning before Sun-riſing: but if you would 
know the heliacal Setting, bring the Star to the Weſt, 
ſide of the Horizon, and turn the Quadrant of Alti- 
tude to the Eaſt-ſide, *till the twelfth Degree of it 
from the Horizon cuts the Ecliptick, and mark that 
Point where it interſects the Ecliptick ; the Point 
oppoſite to this, is ſo many Degrees depreſs'd under 
the Horizon at the Weſtern Side; and if we find, in 
the wooden Horizon, the Month and Day when the 
Sun comes to that Point, we ſhall have the Time of 
the heliacal Setting. 


By Triganometry the Prablem is thus to be ſolved : Table 
In the Figure of the preceding Problem, let A be the XXVI. 
Point of the Ecliptick, which riſes with the Star: Fig. 3. 


And ſuppoſe the Sun in the Ecliptick at ©, ſo that 
the Arch © R of the Circle of Depreſſion may be 
12 or 13 Degrees, according as the Star is of the 
firſt or ſecond Magnitude. In the right-angled Tri- 
angle AR ©, we have the Angle RA O, the 
Angle of the Ecliptick and Horizon, and the Side 
RO, which is 12 or 13 Degrees: Hence we ſhall 
have the Side A ©, which, added to Y A, gives 
the Arch Y O, and the Point ©, which the Sun 
muſt be in when the Star riſes heliacally. In the 
2 Manner we may find the Time of the heliacal 
tting. 

PROBLEM XIV. Having the Latitude of 
the Place, and the Place of the Sun in the Ecliptick ; 
to find the Beginning and End of Twilight, ReCtity 
the Globe for the Latitude of the Place by Problem 
third, and put the Hour-hand to the twelfth Hour, 
tix Sun's Place being in the Meridian; then take 

Cc 4 ths 
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Lecture the Point of the Ecliptick oppoſite to the Sun Tx 
XXX. Place, and turn the Globe Weſtward, as alſo the HO 
23 a Quacrant of Altitude, till the Point oppoſite to the 2 
| the Sun's Place, cut the Quadrant of Altitude in 8 the 
the 18th Degree above the Horizon: The Hour. 28, 

Hand will ſhew the Time of Dawning in the Morn. its I 

ing. But if you take the Point oppoſite to the Sun, Righ 

and bring it to the Eaſtern Hemiſphere, and tum Diffe 

it *till it meets with the Quadrant of Altitude in turn 

the 18th Degree, the Hand will ſhew the Hour min: 

when Twilight ends in the Evening. The Tig. the 
nometrical Solution of this Problem is in Lecture XX. the 
PROBLEM XV. Having the Latitude of tht havi 

Place, and the Place of the Sun, if we have befits Pole 

any one 5 the three following Things, viz, The Hur the 

of the Day or Night, or the Altitude or Azimut whi 


of the Sun or a Star; to find the other two. Reify Ang 
the Globe for the Latitude given, and bring the Arc 


Place of the Sun to the Meridian ; and the Hour- ſhe) 
Hand to the T'welve o'Clock Hour : Then if the we 
Hour be given, turn round the Globe *till the Hand the 


points to it, and bring the Quadrant of Altitude Or 


to the Place of the Sun or Star; you will ſee in find 
the graduated Edge, the Degree of Altitude ; and An 
where the Quadrant interſects the Horizon, there ſan 
ou will find its Azimuth, to be counted from the we 
Interſection of the Meridian and Horizon: But if WI 
the Altitude be given, turn the Globe with one Hand, Fc 
and the Quadrant of Altitude with the other, til ing 
the Place of the Sun meet with the Quadrant at D. 
the given Altitude; then the Hand will point to the 
Hour; and the Interſection of the Quadrant and tu 
Horizon will ſhew the Azimuth. But if the Azi- 
muth be given, turn the Quadrant till it interſeds PI 
the Horizon at the given Azimuth, and there keep th 
it fixed; but turn the Globe, till the Place of the bi 
Sun or Star meets with the Quadrant, and the De- th 
grees upon the Quadrant will give the Altitude, and tl 
the Hour-Hand will point to the Hour, ſe 


Tut 


LECTURES. 


Tux Problem is ſolved Trigmometrically thus: Let Lecture 
HO be the Horizon, HPO the Meridian, E 
the Æquator, Z the Vertex or Zenith, P the Pole 
& the Sun or Star, whoſe Diſtance from the Vertex is Table 
2 8, and SP the Complement of Declination, or XXVI. 
its Diſtance from the Pole. Becauſe we have the Fig 4. 


Right Aſcenſions of the Sun and Star, we have the 
Difference of their Right Aſcenſions, which being 
turned into Time will ſhew the Time of the Cul- 
mination of the Star; and the Arch which meaſures 
the Angle A PS, being turned into Time, will give 
the Hour of the Night, Now in the Triangle Z PS, 
having Z P the Diſtance of the Zenith from the 
Pole, and PS the Complement of the Declination of 
the Star; if I have, beſides theſe two, the Angle P, 
which the Hour gives, we can from them find the 
Angle Z, which ſhews the Star's Azimuth, and the 
Arch Z S the Star's Zenith Diſtance, which will 
ſhew the Altitude. Or if we have the Arch Z 8, 
we ſhall find the Angle P, and by that the Hour of 
the Night, as alſo the Angle PZ 8 the Azimuth. 
Or if we have the Angle PZ 8, we can from thence 
find ZS the Complement of the Altitude, and the 
Angle Z PS, which will give the Hour, By the 
ſame Method having the Altitude of the Sun, which 
we take by an Obſervation, and his Declination, 
which is known by Tables, from his Place in the 
Ecliptick, we can ad the Angle A PS, which be- 
= turned into Time, will give the Hour of the 
ay. | 

PROBLEM XVI. To find the Diſtance between 
two Places on the Surface of the Terreſtrial Globe. 

LET us, for Diſtinction-ſake, call one of the 
Places the firſt, and* the other the ſecond. Rectify 
the Globe, for the Latitude of the firſt Place, and 
bring it to the Meridian, and there fix the G/obe with 
the Quadrant of Altitude to the Vertex, and turn 
the Quadrant till its graduated Edge paſs through the 
ſecond Place : Then count the Degrees of Fes 
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from the Vertex to the ſecond Place, and the Arch 
of the Horizon intercepted between the Meridian 
and Quadrant will give you the Angle of Poſition, 
By Trigonometry we thus proceed: Let E Q be 
the Æquator, P the Pole, Ss two Places, whoſe 
Complements of Latitude are PS and Ps ; and be. 
cauſe their Longitudes are given, we have their Dif. 
ference of Longitude, which is meaſured by the An- 
gleSPs: Therefore in the Triangle S8 P's, we have 
the Sides SP, sP, with the Angle S P.; by then 
we can find Ss in Degrees and Minutes, which be- 
ing converted into Miles, allowing 69 Engliſh Miles 
for each Degree, we ſhall have their Diſtance in 


Miles. We can alſo find the Angles PSs and P38, 


which are the Angles of Poſition. IN 

In the ſame Manner in the Heavens, if we have 
the Right Aſcenſions and Declinations of two Stars, 
or their Longitudes and Latitudes, we ſhall find their 
Diſtances. | 

PROBLEM XVII. Fr any Time and Place i 
erect the Theme or Scheme of the Heavens, Recti 
the celeſtial Globe for the Latitude of the Place. 

ou have not a celeſtial Globe, a terreſtrial will do, 

Take the Place of the Sun for the given Time, and 


bring it to the Meridian, and the Hour-hand to the 


twelfth Hour; then turn the Globe till the Hand 
ſhews the given Hour : Or, if you like to be more 
accurate in your Work, to the Right Aſcenſion of 
the Sun add ſo many Degrees and Minutes, as the 
Time from Mid-day requires, for every Hour count- 
ing 15 Degrees, and for every four Minutes a De- 
gree, rejecting, if it exceeds it, 360 Degrees; ſo by 
this you will have the Right Aſcenſion of Mid-heaven, 
or the Degree of the Equinoctial, which then cul- 
minates, which is to be placed under the Meridian. 
Then faſten the Semicircle of Poſition to the Me- 
ridian, at the Points of South and North in the Ho- 
rizon. From the Point of the Equator culminating, 
count on the Æquator 30 Degrees nn 95 

ring 


LECTURES. 


bring the Semicircle of Poſition to the 30th Degree, 1 
and obſerve in what Degree this Semicircle cuts the XXX. 
Ecliptick ; that will be the Cuſp of the eleventh Wynn 


Houſe, which muft be ſet down on Paper. Again, 
move the Semicircle of Poſition to the both Degree 
of the Equinoctial from the culminating Point, and 
mark where it cuts the Ecliptick, and you have the 
Cuſp of the twelfth Houſe, which is likewiſe to be 
writ down, Bring the Semicircle of Poſition ta 
the Weſtern Side, and count thirty Degrees from 
the culminating Point, and letting the Semicircle 
paſs through that Point, obſerve where the Semi- 
circle cuts the Ecliptick, that will be the Cuſp of 
the ninth Houſe, Then count from the culminating 
Point again Weſtward 60 Degrees, and the Semi- 
circle of Poſition, paſſing through that Point, will 
cut the Ecliptick in the Cuſp of the eighth Houſe : 

And the Meridian cuts the Ecliptick in the Cuſp 
of the tenth Houſe. And the Place where the 
Horizon Eaſtward cuts the Ecliptick is the Cuſp 
of the firſt Houſe, or the Horoſcape ; and the 
Weſtern Side of the Horizon ſhews in #he ſame 
Ecliptick, where it cuts it, the Cuſp of the ſe- 
venth Houſe : And as it is diametrically oppoſite 
to the firſt, ſo-is the ſecond to the eighth, and 
the third to the ninth, the fifth to the eleventh, 

and the ſixth to the twelfth. 

PROBLEM XVIII. Having erected the Theme, 
to direct any Point to any other Point, To a Pla- 
net or Aſpect aſſign its Place in the Zodiack, ac- 
cording to its Longitude and Latitude ; and chuſe 
any Planet or Degree of the Ecliptick, which you 
would direct, and which, for Diſtinction- ſaxe, we 
will call the firſt Place; and the Place to which 
you would direct this firſt Place, call the ſecond; 
then through the firſt Place, which uſed to be called 
the Significator, draw the Semicircle of Poſition, 
and mark that Degree in which it cuts the Æqua- 
tor ; then, keeping the Semicircle in the ſame Po- 

ſition, 
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Lecture fition, turn the Globe Weſtward, till the ſecond 
XXX. Place arive at it, and then again obſerve where the 

Wa I Equinottial is cut by the ſaid Semicircle. Subtra& 
the Degree firſt obſerved, from the Degree obſerved 

in the ſecond ; adding, if need be, 360 Degrees ; 

the Remainder is the Arch of Direction, which was 

to be found, 


— i. — 


Which ſheweth where the Terms and 
Words uſed in Aſtronomy are explained 
in this BOOK. 


A. 
Bs“ D , See Apſides. 

2. => Achrouical riſing, Pag. 222 
— 2 E Equation, what, 285 
( ere greateſt, ibid. 
= = Zquation of Time, 317 

Aguation of Time when greateſt, 322 

The Aquator or Equinoctial, 63, 208 
Aquator's Secondaries, 74, 209 
Aguinocties or Eguinoctial Points, 269 
Ara, or Epoc ha, 305 
Table of remarkable Æra's, 368 
Altitude of the Pole, 217 
Of a Star, 6, 223 

Of the Earth's Shadow, 120 

Of the 1foon's Shadaw. ibid. 
Amphiſcii, 212 
Amplitude, Eaſtern and Weſtern, © | 214 
Amplitude of the World, 40 
Anaſtrous Signs, 81 
Angles, their Meaſure, 4 


The INDE X. 
Method o obſerving, Pag.; 
Angle = which the Sun would appear, 70 


from a fixed Star, | 
The I Commutation, | 85 
The Angle of the Aquator and the Ecliptick, 209 
Of the Ecliptick and Meridian, 220 
4 the Ecliptick and the Horizon, 267 
}f the Ecliptick and Vertical Gircle, or the Po- 
rallatick Angle, ibid. 
Anomaly, the Mean, | 8 
The True, 87 
Of the Eccentrick, 288 
Anomaliſtical Year, 272 
The Antar#tick Circle, 70, 209 
The Antecedentia, a Motion, 7 
Antipodes, 211 
Antceci, | ibid, 
Aphelion, 85 
Apogeon, 100 
Its Motion, 102 
Apparent Diameters, 6 
( the Sun, 3 82, 277 
Apparent Diameters of the Moon's Shadnu and Penum- 
bra, 125 
Of perpetual Apparition, the Circle, 220 
Apſides, % £0 
The Arctic Circle, | 70, 209 
Area's or Elliptick Spaces equably deſcribed, 86, 
278, 280 
Argument of Latitude, | 340 
Ariſtarchus, his Problem to find the Sun's Diſtance, 201 
Aſcenſion right, | | 210 
p ion oblique, 229 
ſcenſional Difference, ibid, 
Aſcii, or Shadavleſs, 213 
Aſpeft, Quadrate, or Quadrature, 93 
Aſtronomical Tables, 339 
Aſteriſms or Conſtellations, 48 
Atmoſphere, its Advantages, 232 
Its Height, | 2.30 
The Cauſe of Twilight, 233 
Of the Refraction, 240 
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; 340 
Cardinal Points, 6 

The Circle terminating Twilight, | 2 4 

Circles, their Diviſion into Degrees and Minutes, 4 

The Circle bounding Light and Darkneſs, 65 

Great Circles in the Sphere, 206 

Leſs Circles, ibid. 

The Circle of perpetual Occultation, 220 

| Of Viſion, 92 

| Climates, 220 

| Colure of the Equinocties, 210 

£ Of the Solſtices, ibid, 

Comets, a Sort of Planets, 189 

Their Courſe in the Heavens, 197 

Their Figure, 195 

Their Motion, 198 

They demonſtrate the Neceſſity of a Vacuum, 203 

The true Form of their Orbits, 198 

Their Parallaxes, 192 

Their Tails, 203 

Commutation, 340 

Conjunction of the Sun and Moon, 93 

The Conical Shadow, 111, 116 

Its Height, 120 

| Its Angle, 116 

= Conſtellations, their Names, &c, 48, 49, 50 

| Copernicus, bis Prophecy, 163 

Coſmical riſing, 222 

Crepuſculum, or Twilight, 233 
Where ſhorteſt, &c. 239 

Its different Durations, 238 

Its Beginning and Ending, 240 
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Axis of the Earth, Pag. 63 
Its Paralleliſm, _ | 66 
Axis of the Ecliptict, 73 

Conſtellations, their Names, 18, 49, 50 

Azimuths, B 214 

Biſſextile Year, 363 


Bullialdus, his Correction 2 Ward's Hypotheſis, 306 
The Calculation of the Geacentrick Place of a Planet, 


1 
1 
5 
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Culmination, what, Pag. 210 
Curtatt Diſtance, 340 
Cycle of the Moon, or the Metonick Cycle: 37 
Cycle of the Sun, 371 


Cycle of Indictions, 379 
D. 


Days Natural and Artificial, 359 
Days being longer than Nights the Cauſe of hot Weather, 
88 


The Inequality of Days, J14 
The longeſt and ſhorteſt Days when they happen, 326 
Declination, 210 
The Declination f the Sun how obſerved, 225 
Delineation of 1 Moons Phaſis, 94 
Diameters > Anas b 
97 854 the fixed Stars, X y 

the Sun greater in Winter than in Summer, $2 
Dicks of the Moon's Shadnw, 22 
95 Fl Penumbra, ibid, 

the Earth's Shadow, ibid. 
B the Planets, 344 
Dichatomy of the Moon, 93 
Dionyſian Period, 376 
Disk of the Earth, TEE 128, 
Diflance of the Sun how to be found, 259 
Diurnal Motion of the Sun in the Ecliptick, 272 
Dominical Letters, 369 
Dragon's Head and Tail, - 0 
Earth, its Annual Motion, 60 
Poles, 63 
Diſtance from the Sun, 26b 
Rotation round its Axis, 64 
Eclipſes explained, 109 
Eclipſes of the Moon, when they happen, 111 
Of the Sun, when, 112 
Eclipſes total, central, partial, 113 
Eclipſes annular, 121 
Eclipſes of the Earth, | ibid. 
Eclipſes, their Limits, 124, 13: 
Ecliptich, 60, 207 


Its Secondarics- 73, 207 


Olliguih, 


| Elev 
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Obliquity, Pag. 22 
| Hei and Poles, * wy 
8 Elevation of the Pole equal to the Latitude of the Place, 

N 21 
Ellipſis, its Deſcription, 84 
8 Elliptical Orbits of the Planets, ibid, 
De Diviſion of the elliptick Area, 287 
= Elngation of the Mein from the Sun, 94 
= Embolimean Months, 302 
W Epocha or ra, 365 
Eccentric Circle, | 83 
Eccentricity, 85 
Eccentricity of the Moon's Orbit changeable, 102 


Eccentricity of the Planets Orbits, how found, 335 
q F. 

HFaſis moveable, 372 
Hd Stars, fiery Bodies and Suns, 39 


Their Diſtinctions and Orders, 47 

Their Number, 54 

Their Catalogues, 51 

Apparent Diameters, 37 

Diſtances, 36 

Right Aſcenſions, 227 

Declinations, 225 

Longitudes and Latitudes, 229 

| Riſings and Settings, 222 

Hired Stars, their Longitude, Increaſe, or their Ap- 

parent Motion Eaſtward, 80 

Foci, or the Navel Points of an Ellipe, 85 
G. 

The Galaxy or Milky Way, 50 

Geocentrick Place of a Planet how found, 341 

= Geocentrick Latitude, 166 

$ Globes, their Deſcription and Uſes, 381 

$ Gyration of the Earth round its Axis, 63 
H. 

Harmony obſerved between the Diſtances and Periods of 

the Planets, 33> 341 

Heavens, they are not fluid, 202 

Their Matter corruptible, 55 

Heavens divided into Regions, 49 


Heat why not greateſt when the Sun is in the Summer 
Trofick, 


INDEX. 


Tropick, Pag. 99 
Hegeira, the Turkiſh Æra, 367 
Helincentrick Place, 33 
Heliocentrict Latitude, 337 
Heliacal Riſing and Setting, 222 
Hipparchus fir/# compoſed a Catalogue of the fixed 
Stars 
Hipparchus's Problem for the Parallax of the Sun, 250 
Hours, equal and unequal, or planetary, 360 
Fhrary Circles, 210 
Horizon, ſenſible and rational, 63, 64, 213 
Horizontal Parallax of oy 12} 
Feſdegird, the Perſian Ara, 367 
Images, or Conſtellations of the Antients, 49 
Tnequalities of the Moon, 101 
The Inclinations f the Planets Orbits to the Plane of 
the Ecliptick how found, 330 
Jupiter, the Planet, 155 
upiter, his Satellits or Moons, 181 
| wo Belts and Spots, 45 
Jupiter's Rotation round his Axis, ibid, 
K. 
Kalendar, 369 
Kepler's elliptick Theory, 278 
Kepler's Problem, 8 267 
Latitude of a Star, 74, 208 
Latitude of the Moon, 99 
Latitude geographical, 211 
Latitude, how obſerved, | 224 
Latitude, geocentrick and helincentrick, 1606, 174 
Longitude of a Place, 7 4, 210 
Longitude, haw to be obſerved, 148, 166 
Longitude of a Star, 7 3, 208 
Longitude of the Stars, how found, 229 
Light, its Motion demonſtrated, + 185 
Libration of the Moon, 103 
M. | 
Magnitude of the Planets, 342 
Mars, the Planet, 155 
Mars, his Parallax, double of the Sun's nn, 05 
ean 


>" > $», p — 7. 
8 1 Y | i 


4 "CT 


S 4981 3 e Dre r x Ie" g. 4.2646 = 


A 
4 
ö 
* . 
Bp 
ö 


The INDE X. 


Mean Diſtance, | 
Mercury, one of the Planets, 
Meridian, a Circle of the Sphere, 
Univerſal Meridian, 

Meridian Line, how drawn, 


Differences of Meridians, or of Longitude, 


Midheaven, 
Milky-way, 
Month, 
Moni hs, ſynodical and periodical, 
Moon, an Attendant on the Earth, 
Its Apogeon and Perigeon, 
Diurnal Motion from the Sun, 
Elongation from the Sun, 
Its Face as drawn by Aſtronomers, 
Its Spots, Mountains and Cavities, 
Its Libration, 
Illumination, and its Quantity, 
Its Light in total Eclipſes, 
Its Nodes, 
Shadow, 
Its Diftance from the Earth, 
Variation, 
Motion, how viſible, 
Motion of the Apogeon, 
Motions equable, why they appear unequal, 
Motion of a Ball falling in a Ship, 
Motion in Longitude, 
Mean Motion, 
Motion of the Planets round their Axes, 
N. 


Nadir, er the Vertical Points, 

New Moon, 

Nodes, and the Lines of Nodes, 
Nonageſimal Degree of the Ecliptick, 
Northern Hemiſphere, * 


Oblique Aſcenſion, 
Optical Inequality, 


Oppoſition, 
Orthographical Projection, 
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155 
210 


215 
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P. 5 
Parallel Circles, Pag. 206 
Parallels and Climates, ee 
Paralluliſin of the Earth's Axis, 6b 
Parallax of the Stars, 245 
Parallax of the Moon, 123, 150, 257 
Parallax of Altitude, 266 
Of Longitude, 249 
Of Latitude, 250 
Parallax of the Annual Orb, 183 
Parallax of the Sun, | 250 
Penumbra, 118 
Penumbra, its Dimenſions, 119 
Perigeon, 100 
Perihelion, 85 
Periods of the Planets, 3241 
Feruch,-- --* | 213 
Periceci, 211 
Periods, Dionyſian, Tulian, and _—_— 376, 37 
365 
The Phaſes of the Moon, 92 
The Phaſes of Venus, 101 
Place Geocentrick and Heliocentrict, 341 
Place, its Poſition on the Earth's Disk for any given 
Time, 141 
Place of a Star reduced to the Ecliptick, 207 
Planets or Wanderers, 27 
Planets, their Order, 22 
Opake Bodies, 23 
They move round the Sun, 21 
Inferior, 155 
Superior, 171 


Planets, Direct, 8 and Stationary, 169, 178 
Planets, their Di iftances from the Sun, compared with 


their Periods, © 341 
Planets Motions, obſeryed from the Earth, are irrigu- 
lar, my 
Secondary Planets, 
Pole of the Ecliptick or Heavens, : 
Poles o 95 the Horizon, 213 
V. the World, 63 
Pular Circles, 90, 209 
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Preceſſan of Aquinottres, Pag. 80 
Hr al the Moon's Shadow, : 131 
Proſthaphæreſis, 0 277 
Quadrature, or Quadrate Aſpect, 93 

| Duantity of the Tear, 1 271 
Radix, or Epacha, 365 
KRefraction, 240 
Haw to be obſerved, 242 
Retrogradation of the Nedes, 99 
Of the Planets, 0 169, 179 

# Saturn, a Planet, 21 
Saturn, his Ring, 25 

3 His Satellits, ibid, 
8 Sons Twelve, 60 
= Selenegraphers, 109 
The Sun in the Center of our Syſtem, 23 
His Apparent Motion, 61 

His Apparent Motion unequal, 272 

8 Sun's Right Aſcenſion, Declination, and Longitude how 
to be found, 225 
The Sun turns round his Axis, 42 
Sun's Axis inclined to the Plane of the Ecliptick, 44 
Sun's Spots, 43 
Spots of Jupiter, 44 
Solſtices, 210, 269 
The Setting ef the Stars Coſmically, Achronically, and 
Heliacally, | 221 

A Speftator is in the Center of his own View or Pro- 
ſpect, 19 
Sphere Right, Oblique, and Parallel, 218, 219, 220 
Stars are Suns, 39 
Their Order and Bigneſs, 47 

New Stars, 56 
Stars which appear Periadically, ibid. 
Stars unformgd, | 50 
Stars, their Catalegues, 51 
Their Number, 54 
Stations, 169, 178, 345 
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0 * 
Teleſcopes, their Advantages, | Pap, 
Theory of the Earth's Motion, 26} 
Theory of the Planets, 37 
Time, its Equation, 312 
„e Farts, 350 
Tropic ls, 69, 20 
p v. 9, 209 
Venus, a Planet, 21, 155 
Venus, ſcen in the Sun, 29, 200 
Venus, her Phaſes, | 101 
Venus, ber Brightneſs, 165 
Her greateſt Elongation, 5 
Her two Conjunct ions with the Sun, ibid. 1 
Viſion, how it is made, : | 
Pertical Circles, © 213 
Vortices in the Heavens, there are none, 201 
Lo 
A Year, Aſtronomical, Civil, Tropical or Periodical, 
301 
Lunar, movable or fixed, 362 
Tear, Egyptian, ibid. 
Gregorian, 364 
Julian, 303 
The great Canicular Year, 305 
The great Year, conſiſting of 25920 Julian Years, 81 
Z. 
Tenith, 21} 
Zodiack, 207 
Its Breadth, Aris ibid, 
Zones, five in Number, © 213 
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F an Account of the Original of the Earth, and of the 
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in Reference to Scripture. As alſo the Author's De- 
fence of the Work, from the Exceptions of Mr. 
Narren, and the Examination of Dr, Kel; and an 
Ode to the Author by Mr. Addiſon. In Two Vo- 
lumes. | 

3. The Works of Mr. George Farquhar ; contain- 
ing all his Letters, Poems, Eſſays and Comedies, 
publiſhed in his Life-time, viz. Love and a Bottle; 
The Conſtant Couple; or, A Trip to the Jubilee; 
dir Harry Wildair ; The Inconſtant ; or, The Way 
to win him; The Twin Rivals; The Recruiting 
Officer, and the Beaux Stratagem. 

4. The Conſcious Lovers, A Comedy. Written 
by Sir Richard Steele. 
5. Ulcful Miſcellanies ; containing, I. A Preface 
of the Publiſher of the Tragi-Comedy of Joan of 
Hedington, II. The Tragi-Comedy of Joan of 
Redington, 
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Hedington, in Imitation of Shateſpear. III. Some 
Account of Horace's Behaviour during his Stay : 
Trinity-College in Cambridge. With an Ode to in. 
treat his Departure thence. Together with a Copy 
of his Medal taken out of Trinity-College Buttery, 
By Dr. King. 

6. An Eſſay on Criticiſm, written by Mr. Py, 
The Fifth Edition, To which is added, An Ode 
for Muſick on St. Cecilia's Day, written by Mr, 1 
Pope. The Third Edition. With Cuts to each, [ : 
deſigned by Cheron, and engraved by Gribelin. 

7. Eloiſa to Abelard, A Poem. Alſo Verſes to 
the Memory of an unfortunate young Lady ; both by 
Mr. Pope, To which is added, Florelio, a Paſtoral, 
lamenting the Death of the late Marquis of Bh. 
ford. By Mr. Fenton. Upon the Death of her Hut. 
band, by Mrs. Eliz. Singer. A Paſtoral Ballad, by | 
Mr. Gay, &c. 

8. Rapin of Gardens, a Latin Poem, in four 
Books. I. Of Flowers. 2. Of Trees. 3. Of 
Waters. 4. Of Orchards. Tranſlated by the Rer. 
Mr. James Gardiner, Sub-Dean of Lincoln. The 
Third Edition. The two firſt Books, corrected by 
Mr. Pope, the two laſt by Mr. Harte of St. Mar 
Hall, Oxon. 

9. Poems on ſeveral Occaſions by Mr. Fenton. 

ro. Occaſional Poems, Tranſlations, Fables, Tals, 
Sc. By William Somervile, Eſq; 1 

11. ae on ſevera] Occaſions, by Dr, Willilan 
Broome, Chaplain to Lord Cornwallis, g 

12. Poems on ſeveral Occaſions, written by Dr. 
Thomas Parnell, publiſhed by Mr. Pope, and dedicated 
to the Earl of Oxford. | 

13. Dr. King's Art of Cookery, in Imitation of 
Horaces Art of Poetry, A Poem, With ſome 
Letters to Dr. Liſter and others, occaſioned princi- | 
pally by the Title of a Book publiſhed by the Doctor, 
being the Works of Apicius Cælius concerning the 
Soups and Sauces of the Antients. With an Extract 
of the greateſt Curioſities contained in that Book. | 
To which is added, FHerace's Art of Poetry in Latin, 
by Dr. King. | | 
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